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Introduction 



This document is a report of research carried on under the terms of NSF 
Contract C-454 entitled M An Exploratory Study of the Physical Facilities 
Requirements of Institutions of Higher Learning", between the National Science 
Foundation Office of Economic and Manpower Studies and Rensselaer Polytechnic 
Institute. It represents the culmination of a two and a half year study which 
had as its purpose the development of a framework for translating an institutions 
educational philosophy and its operating levels into physical facilities. 

The contract called for: 

1. Identification and isolation of the variables affecting 
physical facilities requirements, 

2. Formulation of a model (or models) of physical facilities 
requirements, and 

3. Studies of any other facets of the problem that appeared 
desirable during the progress of the work. 

As indicated in the title, this research was conceived, and has been 
carried out, as an exploratory study. 
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Foreword 



This exploratory study of the physical facilities of a college or university 
has resulted in a series of mathematical models of those facilities which are 
directly necessitated by either the academic activities of the student body 
or by the presence of a student body. 

The mathematical models exhibit the required number of units of instruc- 
tional facilities, by function and capacity; the number of professional faculty 
and graduate teaching assistants, both full-time equivalent and actual; the 
units of research laboratories; the office facilities for faculty, graduate 
students, research personnel, administration, and secretarial staff; 
the library with its user and active storage areas; the housing and dining 
facilities, and the parking facilities. All of these are expressed in units 
of the facilities so that the models will be more widely applicable to various 
types of educational institutions. This approach also circumvents the require- 
ment for use of pre-established space standards which m y not be appropriate 
for a particular institution. Instead this approach allows the output units 
of facilities to be reduced to square feet or space modules through the use of 
such space factors as an institution deems appropriate to its own educational 
needs and philosophy. 

The models developed show clearly the decisions that must be made in order 
to determine the requirements for the types of physical facilities considered. 

The models permit great flexibility in setting the parameters resulting from 
these decisions and are designed to allow comparison of results of various 
decisions. The models also allow investigation of the impact of an increase 
in student enrollment in an academic program or of the introduction of a new 
academic program on facilities requirements. In fact, these models should be 
of invaluable assistance in the planning of new facilities, new academic programs, 
increased student enrollment, or modification of present facilities. 
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In this report, each of the operations contained within a submodel is 
first explained in words and is then expressed mathematically. 

In order to present the mathematical expression in a single form which can 
be applied by users having either computer capability or "pencil and paper" 
capability, matrix notation and techniques have been utilized wherever possible. 




Philosophy of the Study 



The P rij nary intent of this study has been the initial development of a 
model which will benefit the planning efforts of the individual institution. 
Consequently, the main thrust of the project has been concerned with estab- 
lishing the framework within which institutional operating philosophies can 
be brought to bear on the input to the system, the student, with the goal 
being a better understanding of the multitude of interrelationships. 

Because of the desire to present a tool which is philosophically oriented 
toward the individual institution’s policies and procedures, the results obtained 
through application of the various submodels are expressed in terms of ’’units” 
of facilities required. Use of space factors has been consistently avoided in 
an effort to prevent suggesting numerical values which are of questionable ap- 
plicability to a given situation. The appendix to this report suggests a method 
by which these ’’units” of required facilities can be translated into areas based 
on an institution's own views of its needs. 

It should be noted that this philosophy in no way precludes the use of 
space factors for those institutions which have previously established them. 
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The Study Procedure 



In order to thoroughly investigate the feasibility of constructing a model 
to project institutional facilities needs, an attempt has been made to construct 
just such a model. As a result, feasibility can be judged on the basis of the 
practicality and applicability of the model developed and presented herein. When 
ever there are limitations on the types of facilities which can be included in 
the model or overpowering impracticalities in the treatment of those facilities 
which were included, feasibility cannot be demonstrated. On the other hand, 
feasibility can be demonstrated whenever the model, or a portion thereof, shows 
promise of being capable of implementation. 

In judging practicality, or lack thereof, of the various submodels, a note 
of caution must be introduced. A ''model" is nothing more than a mathematical 
representation of a physical entity-in this case units of facilities. To make 
this mathematical representation finite and manageable, it is necessary to 
abstract from reality to a greater or lesser degree. Since the only thing that 
completely represents reality is reality itself, any attempt to reproduce reality 
either mathematically or in some other form, must result in a reproduction which 
is, to some extent, unfaithful. In this particular case this means that some of 
those variables which play a role in determining facilities have purposely been 
omitted. The point of this caveat is that when judging the feasibility of build- 

i 

ing models of a particular system, the general weaknesses inherent in model- 
building be considered. 

The "system" investigated in this project is, in reality, a group of inter- 
connected sub-systems, each of which is composed of series of operations. The 
operations are, in turn, composed of the following four basic components: 

1. Input - that which is to be acted upon. The system primarily takes 
the student body and its characteristics as inputs. 
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2. Decision or Planning Parameters - those which define how the action 



is to be carried out. The philosophy of the institution regarding 
such things as size of sections and faculty loads must be expressed 
in quantitative terms so that they are amenable to mathematical 
manipulation. Experience indicates that this process of quantification 
is not as difficult as might be supposed and, further, that the process 
is an extremely useful vehicle for forcing a review of existing policy. 

The ability to change this component is the feature which allows this 
model to be a "simulation modei". 

3. The Model Itself - that portion which provides the action: it defines 
how the input and decision parameters are combined so that a final 
result can be obtained. 

4. The Output - the result of the operation. The output may be either 

an end result of the system - a "final answer" - or it may be intermediate 
information which later acts as input to another subsystem. ■ 



Data Requirements 



The eventual ability to actually use some or all of the various submodels 
which are presented in the subsequent sections of this report depends heavily 
on the ability to acquire or generate quantitative data concerning 
the student body, the academic program and course offerings, and the faculty 
of the institution. Data relating to other elements are also required, but 
the information on student and faculty and their interactions as expressed 
through academic programs is generally the most basic. 

The required quantified information may serve either as a given input to 
one or more submodels or as a reflection of an administrative decision. 

The following summarizes briefly the kinds of information which must be 
made available with reference to the three basic areas denoted above. 

I . Student Body 

The data concerning the student which are. required are: 

1. Total number of students 

2. The number of students in each academic program further categorized 
by academic level within programs. 

3. The student body classified by sex, marital status, and academic 
level (if the latter is relevant to housing assignments at the 
institution under consideration) . 

4. The student body classified by proximity of the students' homes 
to the campus (as one basis for defining the commuting student) . 

These data can be aggregated from student records containing the following 
information on each member of the student body: 

1. Academic Program 

2. Academic Level 

3. Sex 

4. Marital Status 



5. Home Zip Code 
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Given these basic data on each member of the student body, it is possible 
to retrieve the information, concerning either the total student population 
or selected sub-groups, required by the various submodels. 

In addition to the above-mentioned student data, such administrative 
parameters as 1.) minimum number of library holdings required to support 
a student of each academic level and program and 2.) percentages of the 
various sub-groups of the s+udent body to be provided with living, dining, 
and parking facilities must be established and expressed quantitatively. 

II. Course Offerings and Academic Programs 

The following information concerning the method of presentation of each 
course to be offered is required. 

1. Any subdivision of the course into lecture, recitation/discussion, 
and laboratory. (For this purpose, lecture is a course subdivision 
requiring facilities in which the principal use is for an instructor 
to address a group of students, while a recitation/discussion sub- 
division requires facilities which enable complete interplay of 
discussion between the instructor and the students and a laboratory 
subdivision renuires facilities that are designed for specific use 
by a student. Laboratories includes such special facilities as 
gymnasium, music rooms, drawing rooms etc.). 

2. For each course subdivision, the maximum number of students to meet 
at one time. 

3. For each course subdivision, the total number of contact hours 
per week. 

4. For each course subdivision, the percentage of FTE instructional 
load per faculty member (by level of faculty). 

5. The source of the students usually enrolled in the course, classified 
by academic level and program (e.g., 100 per cent of sophomore 



engineering students and 100 per cent sophomore science students). 

In addition to information on method of course presentation, admin ^ 
istrative parameters dealing with factors of support for the academic 
programs, such as minimum size of library holdings required to initiate 
a program, must be developed. 

111. Faculty 

The faculty data required for operation of the submodels developed in 
this report are included in the "Faculty Profile" of each academic department. 
The "Faculty Profile" indicates the percentage of the faculty members in each 
department who fall into pre-established activity categories. The activity 
categories reflect the most common distributions of faculty effort within 
the department, a separate category being defined for each such distribution, 
for example: 

100% teaching 

50% teaching 50% Research 

50% teaching 50% Other 

The number of categories and the effort breakdowns used must be de*r 
termined to reflect the practices and needs of each particular institution. 

The "Profile" established for illustrative purposes in this report is: 



Activity 

Category 


% of Faculty 
in Category 


% 

Instruction 


% 

Research 


% 

Other 


Total % 
of Effort 


1 


15 


100 


0 


0 


100 


2 


40 


75 


25 


0 


100 


3 


10 


50 


50 


0 


100 


4 


15 


0 


100 


0 


100 


5 


20 


100 


0 


0 


SO 



The profile can be developed knowing the following inforfeation 
about each faculty member .presently assigned to the department undfet 



consideration : 



1. Academic Department 

2. Level 

3. % of effort devoted to instructional activities 

4. % of effort devoted to research activities 

5. % of effort devoted to other activities 

In addition to the data required in the development of the Faculty 

Profile, information on such things as library support required for each faculty 
member and the ratio of faculty members to secretaries must also be provided. 

The above summarized listing is by no means exhaustive; it does, however, 
provide a reasonable overview as to the types of data required and the amount of 

detail necessary. 



10 






Format of the Model Description 



The descriptions of each of the various submodels which have been 
developed are consistently presented under the following principal headings. 

a. Assumptions. The basic assumptions governing the form of the 
submodels are enumerated. 

b. Description of the submodel. A brief description of each of the 
operations contained within the submodel is provided. The input, 
decision parameters, and output are described for the individual 
operations . 

c. Symbols. A complete list of the sumbols used in each submodel is 
provided for ease of reference. 

d. Mathematical expression of the sub-system. 

e. Diagram. A diagram showing the information flow in schematic form 
is provided for each submodel. 

For ease of reference, the numbering system used has been applied in a 
manner which allows the description of the model, the mathematical expression 
of the model, and the diagram to be correlated. 

In addition to the descriptions of the specific data required for each of 
the submodels, a brief description of the more important data files is included. 
This provides a single location in which the various information elements covering 
faculty, students, courses and other such items can be noted and collected. 



Limitations on the Scope of the Study 



For various reasons, certain types of facilities which are common to colleges 
and universities have been omitted from detailed consideration in this study. 
Through this omission, it is admitted that the needs for these types of fac- 
ilities cannot be practically determined through application of systems tech- 
niques and models. 

Those types of facilities which are more or less outside the realm of 
model-building are usually characterized by not being closely tied to the 
instructional processes of the institution. In addition, they generally are 
those types of which there is only "one-of-a-kind" on each campus (i.e. there 
will probably be only one such facility on a campus regardless of how much 

the size and composition of the student body has changed since the facility 

« 

was initially occupied). Illustrative of such types of space are lounge and 
recreation areas, museums, student unions, and chapels. They are normally 
constructed when expedient or when economically possible rather than when the 
need is generated by a changing student body. Such considerations led to the 
decision to exclude these kinds of space when developing the model. Because 
of their complexity and unique requirements, medical schools have also been 
excluded. 

Evening instruction, continuing education programs, and summer programs 
have not been mentioned specifically. If evening instruction requires less 
facilities than day instruction, the facilities for day instruction are adequate. 

If evening instruction requires the greater facilities, then the facilities in- 
cluded in this study are determined by the evening instruction. Continuing 
education programs, in so far as they require facilities, can be included 
in the facilities determined in this study. Summer programs, if part of a 
year-round operation, are to be treated as a regular term; if not part of a 
year-round operation, the regular facilities of the institution are considered 




as adequate. 
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Instructional Facilities and Faculty 



The purpose of Operations 1.1 - 1.17 is to solve the following problem: 
given a student enrollment by degree progr;-. and academic level, to determine 
for a given term the number and capacity of lecture rooms, recitaticn/discus- 
sion rooms, and instructional laboratories; the F.T.E. faculty and the actual 
number of faculty, by rank; and the graduate teaching assistants required for 
instruction in all courses expected to be offered during that term. 

To effect the solution of this problem, several decisions - regarding how 
the academic programs are to be carried out - must be made and expressed 
quantitatively. The value of these decision parameters may be generated by 
considering the appropriate records of the institution over a period of years 
or they may be specified by the institution's plans for the future. Obviously, 
the values assigned have a great effect on the results obtained; selective var- 
iation sheds light on the interacting effects of specific decisions on class- 
room facilities and faculty required. 

This section of the report illustrates the solution of the stated pro- 
blem by considering the necessary operations for a single course. This il- 
lustration is followed by a generalized mathematical model which includes 
all courses given in a single term. A diagram or chart is also included to 
show the interrelationships of the several operations in the mathematical 
model and to illustrate the use of the various parameters. 
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Assumptions 



1. The institution is organized in p instructional degree programs. 

2. The students are classified by j levels of study. To illustrate 
the following seven are used; 1-freshman, 2-sophomores, 3-juniors, 
4-seniors, 5-fifth year architects, 6-in professional programs, 

7- in graduate programs. 

3. Student data are given by numbers of students, by degree program, 
and level of study. 

4. The course enrollments are expressed in the form of a matrix (column 

vector) [E] . 
nxl 

5. The type of instruction in each of these courses can be placed in one 

or more of the three subdivisions of 1) lecture, 2) recitation/discussion, 
and 3) laboratory (including drawing and design, gymnasium, rovsic, etc). 

6. Instructional unit policies exist concerning the maximum class size 
in each of the three categories for each course. 

7. Faculty engaged in instruction are of b levels; To illustrate the 

following levels are used: 1) professional faculty members and 

2) graduate teaching assistants. 

8. Teaching loads for each of the b levels of faculty can be specified 
for each type t of instruction for each course. (see assumption 5 for 
types of instruction) 

9. Teaching loads may vary by course, by type of course instruction, and 
by any desired distribution of ranks and levels of faculty among the 
types of instruction for each course (see assumption 12 for faculty ranks) 

10. The teaching load is specified by the fraction of a faculty member’s total 
service to the institution represented by each course section taught. 
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11. Courses are so labeled that they can be assigned to an instructional 
department, division, or other unit. 

12. Professional faculty ranks r are: 1-professor, 2-associate professor, 
3-assistant professor , 4-instructor . 

13. The organization of each course as to contact hours per week of instruction 
in the three subdivisions of lecture, recitation/discussion , and laboratory 
is specified. 

14. Ranges of room capacity have been developed within which the number of 
hours available for use each week and maximum percentage of room capacity 
to be occupied for each subdivision of room t, t = 1, 2, 3 are 
constant (see assumption 13 for room type categories) . 

15. All lecture and recitation rooms (subdivision t, t = 1, 2) of the same 
capacity range have the same available hours for use per week for all 
courses (subdivision 1 and 2 as listed in assumption 5) . 

16. Because some laboratories may have more than one student working at the 
same station on the same experiment, it is advisable to compute the 
required number of laboratories for each course separately. 

17. A set of room capacity ranges, in student stations, has been chosen to 
include all course subdivisions. 
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Operation 1.1 - Generate Course Enrollments 
Input 

The input to Operation 1.1 is the student enrollment by degree program 
and academic level in a given term. 

Decision Parameters 

The decision parameters for Operation 1.1 are the percentages of the 
number of students in each degree program and academic level expected to 
take each course offered in a given term. 

The Operation 

Operation 1.1 consists of multiplying J) the student enrollment 
categorized according to degree program and academic level by 2) the 
percentage of the students in each of these categories expected to enroll 
in each course to be offered in a specified term. 

Output 

The outputs from Operation 1.1 are the projected course enrollments 
for a given term. 

Operation 1.2 - Form Diagonal Matrix E 
Input 

The input to this operation is the output from- Operation 1,1, the 

course enrollments. 

The Operation 

This operation consists of rearranging the course enrollment data into 
a diagonal matrix format to enable the matrix algebra manipulations of 
Operation 1.3 to be performed for each course. 

Operation 1.3 - Number of Sections by Course Subdivision 
Input 

The input to Operation 1.3 is the output from Operation 1.2. 
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Decision Parameters 



The decision parameters for Operation 1.3 reflect the practice of 
organizing courses into various subdivisions (lecture, recitation/discussion, 
and laboratory). They consist of specifying the number of students considered 
to be the maximum allowable in each of the subdivisions of each course. In 
particular, the following information is required for each course: 

1. Whether the course instruction is subdivided into 

a. lecture 
and/or 

b. recitation/discussion 
and/or 

c. laboratory (this includes all subdivisions such as drawing - 
design rooms and gymnasium that require special rooms or 
equipment) . 

2. For each subdivision, the maximum number of students allowable per 
class section. 

Note: Each of these items represents a policy decison usually made at the 

department (division) level. 

The Operation 

Operation 1.3 consists of dividing each course enrollment (the input) 
by the maximum number of allowable students per class section for each course 
subdivision (the decision parameter) . 

Output 

The outputs from Operation 1.3 are the number of sections required for 
each subdivision of each course. 

Operation 1.4 - Convert Output of Operation 1.3 to Integers 

The number of sections required for each subdivision of each course, 
as calculated in Operation 1.3 are likely to be fractional. 
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Because the unit of instruction is the class section, the number of sections 
must be an integer. Operation 1.4 consists of converting the outputs of 
Operation 1.3 into integers . In general, the fractional number of sections 
should be raised to the next larger integer but, in some cases, it would be 
advisable to increase slightly the maximum allowable number of students per 
section to make the number of sections the next lower integer. As an example, 
for a course with an enrollment of 52 having an associated maximum number of 25 
students, it might be advisable to revise the maximum number of students to 26. 

Output 

The outputs from Operation 1.4 are the integral number of sections 
required for each subdivision of each course. 

Operations 1.5 and 1.6 - F.T.E. Instructional Staff by Level 

Operations 1.5 and 1.6 are considered together because they are both 
concerned with the full time equivalent (F.T.E.) instructional staff and 
because the operations are mathematically similar. 

Input 

The inputs to Operations 1.5 and 1.6 are the number of sections 
required for each subdivision of each course, i. e. the outputs from 
Operation 1.4. 

Decision Parameters 

The decision parameters for Operations 1.5 and 1.6 specify the 
fractional part of an instructional staff member's total duties which is 
represented by the instruction of one class section in each course sub- 
division. It is also necessary to specify the level of the instructional 
staff to be assigned to each section. The simplest specification of levels 
is to classify the instructional staff as 1) professional faculty and 2) grad- 
uate teaching assistants. The categories of instructional staff level used 
should be only those which are relevant to the assignment of teaching duties 



at the institution concerned. If courses are assigned only to professional 
faculty of a given rank, then more levels than two would be needed. 

As an illustration for the case where two levels of instructional staff 
are used, a physics course might have the following decision parameters: 

1. Each lecture section represents 1/4 of a faculty member s 

load. 

2. Each recitation section represents 1/4 of a graduate assistant’s 
load, or 1/8 of a faculty member's load. 

3. Each laboratory section represents 1/3 of a graduate assistant s load. 

It is necessary to modify the loads just given when it is found desirable 

to factor in a desired distribution of sections between professional faculty 
and graduate teaching assistants. For example, if it is desired to have one 
half of the recitation sections taught by faculty and one half by graduate 
assistants, this can be done by multiplying the loads given above by the 
fractional distribution desired. Hence, each recitation section requires 1/8 
x 1/2 = 1/16 of a faculty member's load and 1/4 x 1/2 = 1/8 of a graduate 

assistant's load. 

The Operation 

These operations consist of multiplying the derived number of sections 
in each subdivision by the instructional load per section, by level. These 
results may be summed for the two instruction staff levels for each course, 
if desired. 

The following example illustrates this operation. Suppose a physics 
course requires 4 lecture sections taught by faculty; 36 recitation sections, 
of which one half are to be taught by faculty and one half by graduate assistants 
and 45 laboratory sections taught by graduate assistants. If the teaching loads 
are as given previously, the following table indicates the calulation of the 

staff requirements. 
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No. of 



Subdivision 


Secs . 


Load factor/section 


Instruction Requirements 






Faculty Grad. Asst. 


Faculty Grad. Asst. 


Lecture 


4 


1/4 


1 


Recitation 


36 


1/16 1/8 


2.25 4.50 


Laboratory 


45 


1/3 


15.00 



Total F.T.E. Staff by Level 3.25 19.50 



Outputs 

The outputs from these operations are the F.T.E. instructional staff by 
course subdivision and staff level or, if summed, by course and staff level. 
Operation 1.7 - Staff by Department ( Division) and Level 

Operation 1.7 consists in merely summing the outputs from Operation 1.5 
and 1.6, i.e., the F.T.E. instructional staff by course and subdivision, for 
each of the two instructional staff levels, for all courses taught in each 
department (division) and level of faculty required. 

Operation 1.8 - Determine Head Count Faculty 

Input 

The inputs to Operation 1.8 are the outputs of Operation 1.7, i.e., 
the F.T.E. instructional staff requirements by department (division) and level. 

Decision Parameters 

The decision parameter for this operation is contained within the 
data elements of the department profile (the complete structure of the 
profile is presented in the section entitled Data Elements) . In particular, 
the decision parameter is the ratio of head count faculty to full-time 
equivalent faculty k by department (division) and by level of faculty. This ratio 
can be obtained from the profile by multiplying the percent of faculty 
included in each "activity category" by the "total percent of effort" 
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Associated with each of the categories, summing the products by department 
and level of faculty, and relating the resulting percentage to 100. 

The Operation 

The operation consists of multiplying the F.T.E. instructional staff 
requirements, categorized by department and level of faculty, by the ratio 
of head count faculty to F.T.E. faculty which is appropriate for that 

category. 

Output 

The output of this operation is head count faculty categorized according 
to department and level. 

Note 1: To better illustrate this particular operation, consider a situation 

in which the output of Operation 1.7 indicates that 18 F.T.E. senior 
faculty members were required to staff all courses being offered by 



the department under consideration. 



Activity 

Category 


% of Faculty 
in Category 


% 

Instruction 


% 

Research 


% 

Other 


Total % 
of Effort 


1 


15 


100 


0 


0 


100 


2 


40 


75 


25 


0 


100 


3 


10 


50 


50 


0 


100 


4 


15 


0 


100 


0 


100 


5 


20 


50 


0 


0 


50 



The ratio of total head count to F.T.E. teaching faculty is, therefore, 100: 
the sum of the products of % of faculty x % instruction x total % of effort or 
100: (.15 x 1 x 1 + .40 x .75 x 1 + .10 x .5 x 1 + .15 x 0 x 1 + .20 x .5 x .5) 
= 100:60 

The total head count faculty required is thus 18 x 100/60 = 30. 

Note 2: by further exploitation of the data in the profile, a more complete 

picture of the faculty can be obtained. For example, this data can be used 




to calculate that 
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.40 x 30 = 12 faculty members spend 75% of their time in instructional 
activities (where 40 is the percent of faculty in activity 
category 1) . 

.10 x 30 = 3 faculty members divide their time equally between instruction 

and research (where 10 is the percent of faculty in activity 

category 3) . 

Operation 1.9 - Actual Faculty by Rank 
Input 

The input to Operation 1.9 is one of the outputs from Operation 1.8, 
i.e., the actual (head count) number of professional faculty, by department 
(division). 

Decision Parameters 

The decision parameters for Operation 1.9 are the percentages of the 
actual professional faculty in each department of rank r the ranks being 
1) professor, 2) associate professor, 5) assistant professor, 4) instructor. 

The Operation 

This operation consists of multiplying the actual number of faculty 
members in each department by the percentage of faculty of each of the 
various ranks. 

Output 

The output from Operation 1.9 gives the actual number of professional 



faculty, by rank, for each department. 

Operation 1.10 - Contact Hours by Course and Subdivision 
Input 

The input to this operation is the output of Operation 1.4, the integral 
number of sections required for each subci vision of each course. 

Decision Para meters 

The decision parameters for Operation I. 10 are the number of class (contact) 
hours per week required for one section of each of the subdivisions of each course. 
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The Operation 

This operation is performed by multiplying the number of sections of each 
course subdivision by the number of class (or contact) hours required for each 

of these sections. 

Output 

The output from Operation 1.10 is the total number of contact hours 
required by each subdivision of each course. 

Operations 1.11 and 1.12 - Calculate Average Number of Stude nts/Section 
Input 

The inputs are enrollments by course (from Operation 1.2) and integral 
number of sections required for each subdivision of each course (from Operation 

1.4). 

The Operation 

Simply stated, these operations consist of dividing the course enrollments 
by the number of sections required for each subdivision of each course. Due 
to the use of matrix operations, the mathematical manipulations are slightly 
more complex. In particular, it is necessary to convert the data on number 
of sections to reciprocals and then multiply rather than divide. 

Output 

The output is average enrollment per section of each course subdivision. 
Operation 1.13 

This operation is merely a rearrangement of the results of Operation 1.12 

in order to perform Operation 1.14. 

Operation 1.14 - Room Capacity in Student Numbers 

Input 

The input to this operation is the output of Operation 1.13, the integral 
number of students per section of each course by subdivision. 

Decision Parameters 

The decision parameter is the percentage of capacity to which each type 
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and size (or range of sizes) of room should be filled. In other words, this 
parameter specifies the maximum student station utilization which is acceptable 
for rooms of various sizes and types (lecture, laboratory, etc.). 

The Operation 

This operation consists of dividing the average number of students per 
section of each course subdivision by the maximum student station utilization 
deemed allowable for rooms having a capacity which is numerically equivalent 
to the number of students in that section. 

Output 

The outputs from Operation 1.14 are the minimum required room capacities, 
expressed in student stations, for each subdivision of each course. 

Operation 1.15 - Tally of Weekly Contact Hours by Capacity Ranges 

Input 

The inputs to this operation are the total number of weekly contact hours 
for each course, by subdivision (the output from Operation 1.10), and the min- 
imum capacities of the rooms required for each of these course subdivisions 
(the output from Operation 1.14). 

Decision Parameters 

The decision parameters for this operation form a mutually exclusive 
set of room capacity ranges, one of which can be associated with the room 
requirements of each course subdivision. 

The Operation 

For lecture and recitation /discussion course subdivisions, the operation 
consists of summing the weekly contact hour demands within each of the ranges 
of room capacity. For the laboratory subdivision, the operation consists simply 
of designating or assigning the room capacity range for each course; weekly con- 
tact hour demands remain segregated by course and are ncrt summed within each 
range of room capacities as they are for the other course subdivisions. 



28 



Output 

The outputs from this operation are a tally of contrct hour demands 
for lecture rooms and for recitation/discussion rooms by room capacity range 
and a listing of contact hour demands for laboratories for each course by 
room capacity range. 

Operation 1.16 - Number of Rooms by Capacity and Subdivision Type 
Input 

The inputs to this operation are the outputs from Operation 1.15. 

Decision Parameters 

The decision parameters for Operation 1.16 are the maximum number of 
hours per week during which lecture rooms, recitation/discussion rooms, and 
laboratories of various capacities are available for use. 

The Operation 

This operation consists of dividing the weekly contact hour demanci for 
rooms (rooms being categorized by subdivision and capacity range), from 
Operation 1.15, by the decision parameters, i.e., by the maximum available hours 
per week for use of such rooms . 

Output 

The output from Operation 1.16 is the number of required rooms by 
subdivision type and room capacity. 

Note: For lecture rooms and recitation/discussion rooms, the output is the required 
number of rooms of each size and type. For laboratories, the result is the 
number of rooms of each size required for each course . The difference in 
procedure is occasioned by the inability, as a practical matter, of using 
most laboratories for multiple purpose. Leaving the output in its disaggregated 
form preserves the ability to collect the requirements of various courses which 
can share facilities if this is found to be desirable. 



Operation 1.17 - Integral Number of Rooms by Capacity and Subdivision 

The number of rooms resulting from Operation 1.16 will not be an integer, 
in general. Operation 1.17 merely consists of increasing the required number 
of rooms to the next higher integer where the number is fractional. 

Note: The following illustrates the operations involved in determining classroom 
needs by using an example involving a single course. 

Consider as input a basic physics course with a total enrollment of 
900 (the output of Operation 1.1). In addition, consider that the decision 
parameters (for Operation 1.3) specify that the course is to be subdivided 

into : 

a. lecture sections no larger than 250 students 

b. recitation-discussion groups of no more than 25 students 

c. laboratory sections of no more than 20 students. 

Operations 1.3 and 1.4 together yield: 

a. 900/250 = 3.6 or 4 lecture sections 

b. 900/ 25 = 36 recitation sections 

c. 900/20 = 45 laboratory sections. 

If the decision parameters for Operation 1.10 indicate that 

a. lecture sections meet 1 hour per week 

b. recitation sections meet 2 hours per week 

c. laboratory sections meet 3 hours per week , 
then Operation 1.10 results in a requirement for 

a. 4 sections x 1 hour/week = 4 hours per week of lecture rooms 

b. 36 sections x 2 hour/ week = 72 hours per week of recitation rooms 

c. 45 sections x 3 hour/week = 135 hours per week of physics laboratories. 
To determine average numbers of students per section, Operation 1.12 

requires that the total enrollment in each course be divided by the number of 
sections as determined in Operation 1.4 so that 
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a. 900/4 = 225 students per lecture section 

b. 900/36 = 25 students per recitation section 

c. 900/45 = 20 students per laboratory section. 

The parameters for Operation 1.14 require a decision on the maximum 
percentage station utilization deemed acceptable for rooms of various types 

and capacities. 

Assume these parameters to be as follows: 

a. 75% for rooms seating 200 or more 

b. 83.3% for rooms seating fewer than 50 

c. 100% for all laboratories. 

Operation 1.14 is then accomplished by dividing the outputs of Operation 

1.12 by the appropriate percentage. 

Room requirements are, therefore, for. 

a. lecture room of 225/. 75 = 300 seat capacity 

b. recitation rocm of 25/. 833 = 30 seat capacity 

c. laboratories of 20/1.00 = 20 student stations. 

Operation 1.15 simply combines the outputs of Operations 1.1 

to fully define room requirements as: 

a. 4 hour/week of lecture room seating at least 300 

b. 72 hour/week of recitation room seating at least 30 

c. 135 hour/week laboratory space seating at least 20. 

Given that the maximum number of hours of use per week is 24 hours per 
week for lecture rooms, 27 hours per week for rooms with a capacity of less 
than 50, and 33 hours per week for physics laboratories, the number of rooms 
required is 

4/24 = 1/6 of a lecture room of 300 + capacity 
72/27 = 2.7 = 3 recitation rooms of 30 + capacity 
135/33 = 4.1 = 5 laboratories with 20 student stations. 
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Symbols 

p = the number of degree programs 

j = the student level, j = 1, 2, . . ., 7 

n = the number of courses given in a specified term or semester 

N = the number of students in degree program i, i = 1, 2, . . .,p, at 

ij 

academic level j, j = 1, 2, 7 in a specified year 

[N] = the matrix (column vector) with elements (components) N— 

7pxl 

r . ., = the percentage of N. . who take course k, k = 1, 2, . . n, in a 
1J K 1J 

given term 

[R] = the matrix with elements r— ^ 
nx7p 

e^ = the student enrollment in course k, k = 1, 2, . . . , n, in a given term 

[E] = the matrix (column vector) with elements (components) e^ 
nxl 

m kt = max ^ mum a ll° wa ble number of students per class section in 

course k, k - 1, 2, . . .,n, subdivision t, t - 1, 2, 3. The three 

subdivisions are itemized in assumption (5) above. 

S kt = the number of sections in course k, subdivision t. The s kt may come 

out to be fractions. 

s', = the sj(t adjusted to be integers, in general by making them the 

larger integer but sometimes by increasing m^ sufficiently to make 
s ' the next lower integer 

[S] = the matrix with' elements s^ t 
3nxn 

[S ! ]= the matrix with elements s' kt 
3nxn 

b = 1, 2 represent the two levels of faculty, professional and graduate 

assistant respectively 

L ,= the faculty member's teaching load generated by a section of course 
32 



o 



n; t = 1, 2, 3; b = 1, 2, 




k and subdivision t, k = 1, 2, . . .» 

expressed as a fraction of his total service to the institution, 

taking into account the desired distribution of instruction between 

professional faculty and graduate teaching assistants 

[Lj] = the diagonal matrix with diagonal elements 
3nx3n 

[L ] = the diagonal matrix with diagonal elements 
3nx3n 

f = the number of F.T.E. faculty of level b to teach each 
ktb 

subdivision t of course k, b = 1 , 2; t = 1 , 2, 3; k = 1 , 2, . . . > n 
f F 1 = the matrix with elements f 

L y kti 

nx3n 

[F^] = the matrix with elements fj^ 
nx3n 



d = the number of instructional departments or divisions 

f = the total F.T.E. faculty in department or division i and faculty level 

ib 

b, i = 1, 2, . . ., d; b = 1, 2 



r . 



ib 



[F n ] 

dxd 

[F i2 ] 

dxd 



[R il] = 

dxd 



dxd 



the ratio of actual faculty to F.T.E. faculty in department or division 
i and faculty level b, i = 1, 2, . . ., d; b = 1, 2 
the diagonal matrix with diagonal elements f^ 

the diagonal matrix with diagonal elements f ^ 

the diagonal matrix with diagonal elements r 

the diagonal matrix with diagonal elements r 



f' = the actual member of professional faculty in department or division 
i 

i, i = 1, 2, . . . ,d 

f » * = the actual number of graduate teaching assistants in department or 

l 

division i, i = 1, 2, . . .,d 
[ F ! ] = the diagonal matrix with diagonal elements f! 
dxd 
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[p»»j = -the diagonal matrix with diagonal elements 
dxd 



r 




lr 



[F. ] = 

L lr J 

dx4d 




dx4d 
h kt = 



[H] = 

nx3n 




[A] = 

3nxn 



[A’] = 
3nxn 

[A"] = 



y 




[U] = 

3nx3n 



c 



kt 



[C] = 



1, 2, 3, 4, the number of ranks of professional faculty 

the actual number of professional faculty of rank r in department or 

division i, i * 1, 2, ...» d; r * 1, 2, 3, 4 

the percentage of f^ of rank r 

the matrix with elements f^ r 

the matrix with elements p^ r 

the total number of contact hours per week for course k, subdivision t 
the matrix with elements h kt 

the average number of students per section of course k, k = 1, 2, . . 
n, and subdivision t, t= 1, 2, 3 
the matrix with elements a^ 

the average number of students per section (integer) of course k, 
k - i 2, . . . , n, and subidivision t, t = 1, 2, 3 
the matrix with elements a^ 

the diagonal matrix with diagonal elements a^ arranged as shown below 
the number of ranges of room capacities to be used 
the percentage of room capacity for range of room capacity to be 
occupied by students in course k, k= 1, 2 n, and subdivision 

t, t = 1, 2, 3 

the diagonal matrix with diagonal elements u kt arranged in the same 
order as elements of [A 1 *] 

the number of contact hours per week in course k, subdivision t, k - 1, 
2, . . n, t = 1, 2, 3 
the matrix with elements c^ t 
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kt 



[Q = 

3nx3n 



the required room capacity in student stations for course k, k 

. . . , n, and room type t, t = 1, 2, 3 

the diagonal matrix with diagonal elements C, 

K L 



= 1 , 2 , 



h' 

yt 



k3y 



= the total contact hour demarld per week for all courses in subdivision 
t, t = 1, 2, and in capacity range y, y = 1, 2, . . .,y 
= the contact hour demand per week for laboratories, t = 3, for course k, 



h» ' = 

yt 



h" = 
k3y 



[H* ] = 



[H”] = 



yt 



k3y 



[R‘] = 



yt 



k3y 



k 2, . . n, and capacity range y, y = 1, 2, . . y 

the maximum available hours per week for rooms of subdivision t, t = 

1, 2, and range of room capacity y, y = 1, 2, . . y 

the maximum available hours per week for laboratories for course k, 

k a 1> 2, . . n and range or room capacity y, y = 1, 2, . . .,y 

the diagonal matrix with diagonal elements h* and h* , arranged as 

yt k3y 

shown below 

the diagonal matrix with diagonal elements l/h’’ and 1/h 1 1 arranged 

yt k3y 

as in [H f ] 

the number of rooms of capacity (in student stations) in range y, y = 
1» 2,' . . . s y for rooms of subdivision t, t = 1, 2 

the number of laboratories of capacity in range y, y = 1, 2, . . .,y 
for course k, k=l, 2, ...,n 

the diagonal matrix with diagonal elements r and r, , arranged as 

yt k3y 

in [H* ] 

the integral number of rooms of capacity (in student stations) in 
range y, y= 1, 2, . . . ,-y for rooms of subdivision t, t - 1, 2 
the integral number of laboratories of capacity in range y, y = 1, 2, 



y for course k, k = 1, 2, . . n 

[R{ ] = the diagonal matrix with diagonal elements r* and r’ 

1 yt k3y 



o 
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The Models 



Operation 1.1 - Generate Course Enrollments 

[N] = [N u . . -N 17 N 21 N 22 . . ,N 27 . . ,N pl N p2 . . -N p7 ] T 



where T indicates the transpose of the matrix (row vector)- 





r lll r 121 


' * * r i71 r 211 


r 221 * 


* * r 271 ‘ ‘ * r pll * 


. .r 

P 71 


[R] = 
nx7p 


r r 

112 127 


* * * r 172 r 212 


r 222 * 


* * r 272 * * * r pl2 * 


* * r p72 




r r 

lin 12n 


• • -r,., r„, 

17n 21n 


r 22n 


* * r 27n * * * r pln * 


. .r _ 
p7n 






nx7p 








Then 












[E] = 


[©i ©~ • • 


X 

oT 

II 

1 

0) 

• 


fN] 






nxl 


1 L 


11 nx7p 


7pxl 







Operation 1.2 - Form Diagonal Matrix E 

[Ej] = diag [e e . . -©^J 
nxn nXn 



Operation 1.3 - Number of Sections by Course Subdivision 



Let [M] = 
3nxn 



1/n, n 

l/m 12 

i l/n> 



13 



0 

0 

0 



1 

0 ... 0 0 j 

o ... o 0 I 

t 

o ... o 0 I 



jo l/m 21 o 

io 1 /m o 

! 22 

0 l/m__ 0 

• / v 



0 0 
0 0 
0 0 



\0 0 l/n» nl 



SO 0 l/m n2 

jo • 0 

Note: If course k has one or more of the three subdivisions missing, the 

corresponding 1/m. is replaced by 0. 
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Then 



[S] = 
3nxn 



S 11 


0 


... * 0 


0 


S 12 


0 


.... 0 


0 


S 13 


0 


.... 0 


0 


0 


s .... 

21 


.... 0 


0 


0 


s .... 


.... 0 


0 




22 






0 


23 


.... 0 


0 


0 


0 


.... 0 


S nl 


0 


0 


.... 0 


S n2 


0 


0 


.... 0 


S n3 



= [M] x [Ej] 

3nxn nxn 



Operation 1.4 - Convert Output of Operation 1.3 to Integers 



[S’] 

3nxn 



11 



1? 



13 



0 

0 

0 



0 IT] 

$ 

0 0 
0 0 



0 

0 

p 



0 

0 

0 



nl 



n2 



s 






Operation 1.5 - Determi ne F.T.E. Number of Senior Professional Staff 
[Lj] = diag ^121 ^131 ^211 * * * ^n31^ 



3nx3n 



3nx3n 



tv = 

nx3n 



f f f 0 0 0 0 

111 121 131 

i ° o o f 211 f 211 f 231 0 



0 

0 

0 



0 

0 

0 



0 

0 

0 



;= [s'] 

nx3n 



0 



f f f 
nil n21 n31 j 



Operation 1.6 - Determine F.T.E. Graduate Teaching Assistants 



[L 2 ] = 
3nx3n 



dl3g ^112 ^122 ^132 ^212 ' * ’^ 32 ^ 



[ p 2 ] = 

nx3n 



f f f 0 
112 122 132 



! o 



0 ° f 212 f 222 f 232 



. 0 

. 0 



0 

0 



0 

0 



f f f 
nl2 n22 n32 



nx3n 



= [S'] X 
nx3n 



Operation 1.7 - F.T.E. Staff By Department and Level 

Sum the F.T.E. instructional staff for each level 1 and 2, for all courses 
taught in each department (division) i, i=l, 2, . . •, d, 
thus obtaining f ib* b 2 

Operation 1.8 - Determine Head Count Faculty 

diag [F!] = diag [FJ F' . . . F*,] = diag [F il ] x diag [R ±1 ] 
dxd dxd dxd dxd 

diag [F!']= diag [f" f " ■ ■ ■ fyl = diag [F. 2 ] x diag [R^] 
dxd dxd dxd dxd 

Operation 1.9 - Actual Faculty by Rank 



[ F ir ]= Kl f 12 f 13 f 14 



dx4d 



0 0 0 0 



!° 0 0 ° f 2i f 22 f 23 f 24 ‘ 



0 0 0 0 
0 0 0 0 



0 



f f f f 
dl d2 d3 d4 



38 



= diag [F’] x [P. r ] 



dxd 



dx4d 




X [L x ] 
3nx3n 



[L 2 ] 

3nx3n 



Operation 1.10 - Contact Hours by Course and Subdivision 



[C] = 


cc c o 0 0 

11 12 13 


. 0 


0 


0 


nx3n 


0 0 0C c c 


. 0 


0 


0 




21 22 23 

0 0 0 0 0 0 


. c 


c 


c 






nl 


n2 


n3 



and [S 7 ] = 

2 

3nx3n 



Then 

[H] 

nx3n 





h h 0 0 0 

12 13 

0 0 h h h 

21 22 23 




[C] x [S'] 
nx3n 3nx3n 



Operation 1.11 and 1.12 - Calculate Average Number of Students/Section 



Let [Sj] = 
3nxn 



1/s 



11 



1/s' 

12 

1/s' 

13 

0 

0 

0 

0 



0 

0 

0 



0 

0 

0 



1/s' 0 

21 

1/s' 0 

22 

1/s' 0 

23 



0 



0 



0 

0 

0 

0 

0 

0 

0 



0 

0 



0 



0 1/s' 

nl 

0 0 1/s' 

YlZ 



n 



o 



0 1/s' 
n3 



Then [A] = 

3nxn 



a ll 


0 . . . . 


. . . . 0 


0 


a 

12 


0 . . . . 


. . . . 0 


0 


a 

13 


0 . . . . 


, . . . 0 


0 


0 


0 . . . . 


... 0 


a 1 
nl 


0 


0 . . . . 


... 0 


a o 
n2 


0 


0 . . , . 


... 0 


a _ 
n3 



= [S|] x [E i ] 



3nxn 



nxn 



Note : If any of the s' are zero, the corresponding 1/s' is replaced by 0. 

kt kt 

and 



[A'] = 

3nxn 



a' 

11 


0 


0 


a 12 


0 


0 


a i5 ■ • • • • 


0 


o 


0 


0 


a* 

nl 


0 




a'~ 

n2 


0 




a' 

n3 
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Operation 1.13 - 

Diag [A''] = diag [a* _ a* _ a[ a 
3nx3n 



12 12 21 22 
3nx3n 



a' a' a' 
n2 13 23 



n3‘ 



Operation 1.14 - Room Capacity in Student Numbers 

Diag [U] = diag [1/u 1/u 1/u 1/u .... l/ u 1/u 1/u 

11 12 21 22 n2 13 23 

3nx3n 



1/u ] 
n3 



diag [C] = diag [C C C C 
B 1 11 12 21 22 

3nx3n 



C n2 C 13 • ' 



• • C n3 ] = diag [A"] X diag [U] 



3nx3n 



3nx3n 



Operation 1.15 - Tally of Weekly Contact Hours by Capacity Ranges 

Sum up contact hour demand for all courses of subdivision t, t = 1, 2, from [Hi 
in capacity range y from [C] . For laboratories t = 3, obtain h' ^similarly. These 
together form [H'] # k3y 



diag [H* ] = diag [h * h' h' h' 

11 12 21 22 



. h' h' h' 
y2 131 132 



. h' h' 
13y 231 



.h* . . .&• ] 

23y n3y J 



(n+2)y x (n+2)y 



(n+2)y x (n+2)y 



Operation 1.16 - Number of Rooms by Capacity and Subdivision Type 

diag [H'»] = diag [1/h* • 1/h" 1/h* • . . . 1/h* * l/h»» . . . 1/h” ] 

11 12 21 v2 131 n3y 



(n+2)y x (n+2)y 



12 "21 ’ ' ■' ”y2 

(n+2)y x (n+2)y 



diag [R* ] = diag [r n . . . r y2 ^ . . . » ] = diag [H-] x diag [H-] 



(n+2)y x (n+2)y 



(n+2)y x (n+2)y 



(n+2)y x (n+2)y (n+2)y x (n+2)y 



Operation 1.17 - Integral Number of Rooms by Capacity arid Subdivision Type 



diag [R 1 ] = diag [r’ r’ r’ 

1 11 12 21 

(n+2)y x (n+2)y 



> I rl 



y2 131 



. . . r‘ ] 
n3y 



where r^ and are the next higher integers than r ^ and r^^, respectively 



Remark : 



Instead of computing the number of rooms by capacity and subdivision, using 
the matrix [R»], the number of rooms for instruction of subdivision 

^ 2, can be computed as one operation and the number of laboratories 

t = 3, can be computed separately as a second unit. 
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SOBMODQ- Z 

Research Facilities 



Research, as performed in educational institutions, can be classified as 
either theoretical research or experimental research, theoretical research being 
that performed in the library and/or offices; experimental research being that 
which requires laboratory facilities. 

The problems to be solved by the operations in Submodel #2 are as follows: 

1) given the actual number of professional faculty by department (division), to 
find the number of faculty members to be provided with experimental 
research laboratories; 2) given the student enrollment by degree program and 
academic level, to find the number of students within each of these degree programs 
to be provided with experimental research laboratories. 

The answers to these relatively straightforward questions can be generated 
by performing the operations contained within Submodel 2. It is realized that 
a significant portion of the research space requirements of many departments 
results from demands made by specialized equipment (linear accelerators, etc.). 
Because of the highly individualized nature of these requirements, no attempt is 
made to include them in the models. 

This section of the report describes, in words, the operations which convert 
the inputs into the required outputs specifying research facilities requirements .- 
This description is followed by the associated mathematical models. A diagram 
showing the operations in the mathematical models and the parameters used is included 
also. 
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Assumptions 



1. All research activities are classified as either theoretical research or 
experimental research. 

2. Facilities for all theoretical research are provided by offices and library 
facilities . 

3. Experimental research may be pursued by faculty, research staff, graduate 
students, and undergraduate students. 

4. Large experimental research facilities, e.g., nuclear reactors, are con- 
sidered separately from other experimental research facilities. 

5. All experimental research laboratories are to be available for use 100% 
of the time. 
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Operation 2.1 - Faculty Experimental Research Laboratories 
Input 

The input to Operation 2.1 is the output from Operation 1.8, the actual 
number of professional faculty in each department (division) . 

Decision Parameters 

The decision parameters for this operation are the percentages of pro- 
fessional faculty in each department (division) who are engaged in experimental 

research. 

The Operation 

Operation 2.1 consists of multiplying the number of professional faculty 
in each department (division) by the percentage of this faculty engaged m 
experimental research. 

Output 

The outputs from Operation 2.1 are the number of actual professional faculty 
in each department (division) engaged in experimental research and, assuming each 
such faculty member requires an individual laboratory, this is the number of 
laboratories required for professional faculty experimental research. 

Operation 2.2 - Student Enrollment by Degree Program 
Input 

The input to this operation is the standard input to Operation 1.1, i.e., 
the student enrollment by degree program and academic level. 

The Operation 

This operation is the summation of the student enrollment in each degree 
program for all academic levels. 

Output 

The outputs from Operation 2.2 are the total student enrollments in each 



degree program. 



Operation 2.3 - Number of Students, by Degree Program, Engaged in Experimental 

Research 

Input 

The input to Operation 2.3 is the output from Operation 2.2, i.e., the 
total student enrollment in each degree program. 

Decision Parameters 

The decision parameters are the percentages of the total student enrollment 
in each degree program who engage in experimental research. 

The Operation 

Operation 2.3 consists of multiplying the total student enrollment in each 
degree program by the percentage of this total student enrollment who engage 
in experimental research. 

Output 

The outputs from Operation 2.3 are the number of students in each degree 
program who engage in experimental research. 

Operation 2.4 - Formation of Row Vector for Use in Operation 2.5 

Operation 2.4 consists merely of separating the number of students in 
each degree program, who engage in experimental research, for use in the 
next operation. 

Operation 2.5 - Number of Students, by Degree Program, Engaged in Each 

Experimental Research Project 

Input 

The inputs to this operation are the outputs from Operation 2.4, i. e., 
the number of students in each degree program, who engage in experimental 
research. 

Decision Parameters 

The decision parameters for Operation 2.5 are the percentages of students 
in each degree program who are engaged in each different research project 
having students from that degree program. 
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The Operation 



Operation 2.5 consists of multiplying the number of students in each 
degree program, who engage in experimental research, by percentage of 
students in that degree program who are engaged in eac 1 - different research 
project having students from that degree program. 

Output 

The outputs from Operation 2.5 are the number of students in each 
degree program who are engaged in each different research project having 
students from that degree program. 

Operation 2.6 - Number of Student Experimental Research Laboratories 

Input 

The inputs to Operation 2.6 are the outputs from Operation 2.5, 
i.e., the number of students in each degree program who are engaged in 
each different research project having students from that degree program. 

D ecision Parameters 

The decision parameters for this operation are the maximum number 
of allowable students per experimental laboratory for each different 
research project having students from each degree program. 

The Operation 

This operation consists of dividing the number of students in each 
degree program who are engaged in each research project, having students 
from that degree program, by the maximum number of allowable students per 
experimental laboratory for each different research project having students 
from that degree program. 

Output 

The outputs from Operation 2.6 are the number of experimental laboratories 
required for students engaged in each research project by degree program. 
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Operation 2 . 7 - Capacity of Student Research Laboratories 

Input 

The inputs to Operation 2.7 are the maximum number of allowable students 
per experimental laboratory for each different research project, arranged by 
degree program. 

Decision Parameters 

The decision parameters for this operation are the number of students 
to be assigned to a laboratory station for each different research project 
within a degree program. 

The Operation 

This operation consists of dividing the maximum number of allowable 
students per experimental laboratory for each different research project 
in a degree program by the number of students per laboratory station for 
each different research project in that degree program. 

Output 

The outputs from Operation 2.7 are the laboratory capacities, in stations, 
for each different research project in a degree program. 

Operations 2.8 and 2.9 - Laboratory Facilities for Research Staff and Large 

Experimental Installations 

These operations merely insure that the experimental laboratories needed 
by the research staff and those necessitated by the presence of special (large) 
experimental installations (e.g. nuclear reactors) are included in the exper- 
imental laboratory requirements. 
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Symbols 



f* = the actual number of professional faculty in department (division) 
i 

i, i = 1, 2, . * d, as before 

[F!] = the diagonal matrix with diagonal elements fj^ 
dxd 

d = the number of departments or divisions 

r! = the percentage of actual professional faculty in department (division) 

IX 

i, i = 1, 2, . . . , d, engaged in experimental research 

[R! 1 = the diagonal matrix with diagonal elements r^ x 
ix 

dxd 

N' = the number of actual professional faculty in department (division) 
ix 

i, i=l, 2, . . . , d, engaged in experimental research = the number 

of experimental research laboratories required by the professional 

faculty in department (division) i 

fN! 1= the diagonal matrix with diagonal elements N* 

1 ix J ix 

dxd 

X = the nu mb er of areas of experimental research, current and/or planned, 
for the research staff in a given year 
N^j = the student enrollment by degree program i, i=l, 2, . . ., p, and 

academic level j, j = 1, 2, . . ., 7, as used previously 
[N^] = the row vector giving the student enrollment in degree program i, 
i = 1, 2, . . • , P 

p!' = th ' percentage of N- who engage in experimental research 

[P"] = the diagonal matrix with diagonal elements p!’ 

pxp 

N- = the number of students in degree program i, i = 1, 2, . . •> P> who 

ix 

engage in experimental research 

[N. ] = the row vector with components N ix 
lxp 
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n(i) 






[M iK ] 

lxn(i) 



lxn(i) 




[ c i K i 

lxn(i) 



X 

*1 

[R iK ] 



= the number of research projects with students from degree program 
i, i = 1, 2, . . *>P 

= the percentage of students in degree program i, i=l, 2, . . .,p, 
who are engaged in research project K, K = 1, 2, . . n(i), having 

students from degree program i, i=l, 2, . . .,p 
= the row vector with components which are the number of students in 

degree programs, i = 1, 2, . . . , p, who are engaged in research 
project K, K = 1, 2, . . n(i), having students from degree program i 

= the maximum number of allowable students per experimental laboratory 

for project K, K = 1, 2, . . n(i), having students from degree 

program i, i = 1, 2, . . .,p 
= the row vector with components m^ 

= the row vector with components which are the number of experimental 

laboratories required for students engaged in research project K, 

K = 1, 2, . . n(i) , having students from degree programs i, i = 1, 

— 3 • • • 3 P 

= the number of students per laboratory station in research project 
K, K = 1, 2, . . n(i), having students from degree program 

i, i = 1, 2, . . *»P 

= the row vector with components which are the laboratory capacity for 
research project K, K = 1, 2, . . n(i), having students from degree 

program i, i = 1, 2, . . • , p 

= total number of research staff experimental laboratories 

= the total number of large experimental installations, e.g. nuclear reactors 
= row vector with elements r^ 



The Models 



Operation 2.1 - Faculty Experimental Research Laboratories 

diag [N! x ] = diag [F!] x diag [R^] = diag [N' x N' x . . . N^] 

dxd dxd dxd dxd 

Note: If the department (division) profiles are sufficiently detailed, this 

computation need not be made as the quantities N£ can be determined 
from these profile^. 



Operation 2.2 - Student Enrollment by Degree Program 



[N-] = l N i = 1, 2, 
lxp 3=1 1 



[N.] = [N. N 

1 1 1 ^ 
lxp 




Operations 2.3 and 2.4 - Number of Students by Degree Program Engaged in 

Experimental Research 

[N- ] = [N ] x diag [PV] = [N, N . . . N I ] x diag [p' ' p’’ . . . p"] 
IX 1 i - 1 z p 12 p 

lxp lxp pxp lxp pxp 




N 



2 x 

lxp 




Operation 2.5 - Number of Students, by Degree Program, Engaged in Each 

Experimental Research Project 



[N lK ] = 

lxn(l) 

[N 2K ] = 

lxn( 2 ) 



N lx t r ll r 12 * * r ln(l) 1 
ixn(l) 

N 2x t r 2 l r 22 * r 2n(2)^ 

lxn(2) 



V 

lxn(p) 



N [r r 
px pi p 2 

lxn(p) 



. r 

pri(p) 



] 



Operation 2.6 - Number of Student Experimental Research Laboratories 

[ 4 ] = [ N ll(] x dia S U/ m n 1 /m 12 - . • l/m ln(1) ] 
lxn(l) lxn(l) n(l)xn ( 1 ) 

[ 4 ] = [N 2K ] x diag [l/m 21 l/m 22 . . . l/m 2 n ( 2 ) ] 



lxn( 2 ) lxn( 2 ) n( 2 )xn( 2 : 
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/ 



[ L ' p ]= t^K 1 X diag [1/- pl 1/m P 2 • • • 1/m pn(p) ] 

lxn(p) lxn(p) n(p)xn(p) 

Operation 2.7 - Capacity of Student Research Laboratories 

[C 1K 1= [M 1K ] X diag tl/U ll 1/U 12 ’ ‘ ’ 1/U ln(l) 1 
lxn(l) lxn(l) n(l)xn(l) 



[C< ]= [M ] x 
pK pK 

lxn(p) lxn(p) 



diag [1/u 1/u . . . 1/u 

pi p2 pn(p) 

n(p)xnCp) 



] 



Note: The row vectors [N* ], [L.], and [C* ] are computed separately 

iK l iK 

because n(i) is likely to be different for each degree program i. 



i = 1, 2, . . .,p. Moreover, some programs will have no exper- 
imental laboratory requirements and so these computations need 



not be done for such programs. 



Operation 2.8 - Research Staff Experimental Laboratories 

X 



Operation 2.9 - Large Installations for Experimental Research 
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sovyicr^CL. 3 

Office Facilities 

The instruction staff, the research staff, students engaged in theoretical 
research, and other personnel concerned with the educational activities of an 
institution of higher learning require offices in which to carry on all or a 
part of their duties. 

The purpose of Submodel 3 is to determine the office requirements of the 
professional faculty, by department (division) and rank; of the research staff, 
by department (division) affiliation; of administrative personnel, by certain 
groupings according to facilities requirements; of graduate assistants, by 
department (division); and of those of the secretarial staff connected with 
instructional and research activities . 

Some of these determinations require only the tabulation of information 
generated in another subsystem or received as new inputs to this particular 
subsystem. Others depend on information which is generated by applying 
decision parameters to certain inputs within this submodel. 

This section of the report describes the operations which convert the 
appropriate inputs into the requirements for office facilities. A mathematical 
model follows this description and there is appended a diagram which shows the 
sequences of mathematical operations in the model and the use of the decision 
parameters . 
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Assumptions 

1. Each department (division) has a chairman requiring more extensive office 

facilities than other instructional staff members. 

2. Each project of the research staff has a director requiring the same 
office facilities as a department (division) chairman. 

3. The department (division) chairman has the rank of professor. 

4. Professional faculty members engaged in experimental research require 

offices . 

5. Professional faculty members are separated by department (division) and 
rank to allow the assigning of different office facilities, if desired. 

6. Research sta' excluding the directors of projects, have office fac- 
ilities in the laboratories. 

7. Students engaged in experimental research have office facilities in these 
laboratories. 

8. Students engaged in theoretical research may be provided with office 
facilities, in addition to any library facilities available, in which 

to perform their research. 

9. Library personnel, other than administrative personnel and their sec- 
retaries, have office facilities in their work areas and so no separate 
offices need be provided for them. 

10. All other administrative personnel, excluding department (division) 

chairmen and research project directors already taken into account, can 

be assigned to one of the groups (1-8) as follows: 

• A. Groups Requiring Office Facilities Near Inst ructional Facilities 

Group 1 - Personnel requiring extensive office facilities, including 
facilities for their assistants and for the reception of visitors. 

Group 2 - Personnel requiring office facilities, including facilities 
for their assistants and for the reception of students and visitors. 
Group 3 - Personnel requiring office facilities plus facilities for 
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record keeping, for record storage, for interviewing, and the like. 

Group 4 - Personnel requiring only office facilities. 

Group 5 - Secretaries to groups (1-4) plus secretaries in the secretarial 
pool, if any. 

B. Groups Requiring Office Facilities Near Dormitory and Dining Facilities 
Group 6 - Personnel requiring office facilities, including facilities 
for their assistants and for the reception of visitors. 

Group 7 - Personnel requiring only office facilities. 

Group 8 - Secretaries to groups (6-7) . 

Note: These groups are to contain not only the usual administrative personnel, 

excluding department (division) chairmen and research project directors, 
but also library, communications, computer, and other similar administrative 

personnel and their secretaries. 

11. Research staff personnel are assigned to a department (division). 

12. Each department (division) chairman and each research staff project director, 
or equivalent title, is provided with a full-time secretary. 

13. All ranks of faculty and all graduate teaching assistants are provided with 

secretarial assistance. 

14. All research staff personnel are provided with secretarial assistance. 

15. Secretarial assistance for instructional and research staff, excluding 
department (division) chairmen and research staff project directors, is provided 
on the basis of one secretary for a specified number of those for whom the 

service is provided. 



Operation 3.1 - Instructional and Research Staf f Offices 
Input 

The inputs to Operation 3.1 are the actual number of professional faculty, 
by department (division) and rank, from Operation 1.9; the number of project 
directors in the research staff assigned to each department, from the depart- 
ment profile; and the actual number of graduate teaching assistants in each 

department (division) . 

The Operation 

This operation consists merely of tabulating, from the inputs, the number 
of persons, by department (division) and arranged by personnel classification, 

requiring offices. 

Output 

The output from Operation 3.1 is the number of persons to be provided 
with office facilities, arranged by department (division) and personnel 

classification. 

Operation 3.2 - Offices for Students Engaged in Theore tical Researc h 
Input 

The inputs to Operation 3.2 are the outputs from Operation 2.2, i.e., 
the total number of students in each degree program in a given year. 

Decision Parameters 

The decision parameters for this operation are the percentages of the 
total number of students in each degree program in a given year who are 
engaged in theoretical research. 

The Operation 

This operation consists of multiplying each input by the appropriate 

decision parameter. 

Output 

The output from Operation 3.2 is the number of students in each degree 
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program engaged in theoretical research for whom office facilities are to be 
provided. 

Operation 3.3 - Administrative Office Facilities 

This operation consists only of tabulating the number of persons in each 
group, as specified by the institution, of administrative personnel, thus 
giving the number of administrative personnel requiring office facilities, by 
groups . 

Operation 3.4 - Tabulation of Personnel for Operation 3.5 
Input 

The inputs to Operation 3.4 are the actual number of professional faculty, 
by department (division) and rank, from Operations 1.9 and 3.1; the number of 
project directors in the research staff assigned to each department (division), 
from Operation 3.1; the number of persons in the research staff, excluding pro- 
ject directors, assigned to each department (division), from the department profile; 
and the actual number of graduate teaching assistants in each department (division), 
from Operations 1.8 and 3.1. 

The Operation 

This operation consists of tabulating, in the form of a matrix, the teach- 
ing and research personnel of each department (division) , arranged by personnel 
classification with the research staff separated from the teaching staff, to 
enable Operation 3.5 to be performed. 

Operation 3.5 - Offices Required for Instruction and Research Connected Secretaries 
Input 

The input to Operation 3.5 is the output of Operation 3.4, i.e., the matrix 



formulated there. 



Decision Parameters 



The decision parameter for this operation is the number of secretaries 
per faculty member and research staff member, excluding department (division) 
chairmen and research staff project directors. 

The Operation 

Operation 3.5 consists of multiplying each classification of personnel 
by the decision parameter, the department (division) chairmen and research 
staff project directors each having a full-time secretary, and then summing 
by department (division), with the research staff secretarial needs kept 
separate by department (division) . 

Output 

The output from this operation is the number of instruction and research 
connected secretaries requiring office facilities. 



r 
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Symbo 1 s 



f. = the actual number of professional faculty of rank r, r = 1, 2, 3, 4, 
in department (division) i, i=l, 2, . . .,d, where r = 1 refers to 
professors, r = 2 to associate professors, r = 3 to assistant pro- 
fessors, and r = 4 to instructors (Operation 1.9) 

f = the number of project directors in the research staff assigned to 
x 5 

department (division) i, i = 1. 2, . . . , d (department profile) 

[F ] = the matrix with elements f. r> modified for professors to take account 

6dx6 v , . , r 

of department (division) chairman, and t^ 

f" . the actual number of graduate teaching assistants in department (division) 
i 

i, i = 1, 2, . . ., d 

[p » » ] = the diagonal matrix with diagonal elements f^ (Operation 1.8) 
i 

dxd 



N. = the total number of students in degree program i, i - 1, 2, 
1 



p." = 

[N ] = 

lxp 

[P’”] ; 
N iT “ 



[N iT ] 

lxp 



n 



g 



[N g ] = 

1x8 




in a given year (Operation 2.2) 

the percentage of N who are engaged in theoretical research 
the row vector with components N 

the diagonal matrix with diagonal elements p! " , i = 1, 2, . . . , P 
the number of students in degree program i, i » 1, 2, . . . , P> 
who are engaged in theoretical research 
the row vector with components 

the total number of administrative personnel in group g, g = 1, 2, . , 

8, as the groups are numbered previously 

the row vector with components n , g = 1, 2, . . 8 >. g ivin g t ^ e 

office requirements for groups (1-8) 

the number of persons in the research staff, excluding project directors, 
assigned to department (division) i. i = 1 , 2, . . . , d (department 



profile) 
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[F’] = the matrix with elements , f^, f^, f!* 

6x2d 

a = the number of secretaries per faculty member and per research staff 
member, excluding department (division) chairmen and research staff 
project directors 

Ax 

[A] = the row vector with components 1, a, a, a, a, a 

1x6 

[N g ] = the row vector with components giving the total instruction and research 

connected secretaries to be provided with offices, by department (division), 
l, l * 1, 2, • * . , d 
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The Models 



Operation 3,1 - Instructional and Research Staff Offices 



V] = 

6dx6 



1 


0 


0 


0 


0 


0 


0 


V 1 


0 


0 


0 
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0 


f 

12 


0 


0 


0 
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1 


0 


0 


f 13 


0 


0 


0 


0 


0 


0 


f 

14 


0 


0 


0 


0 


0 


0 


f is 


1 


0 


0 


0 


0 


0 


1 0 

I 

l 


f -1 
21 


0 


0 


0 


0 


i ° 
1 


0 


f 

r 22 


0 


0 


0 


0 


0 


0 


0 


0 


f d5 



diag [F * * ] = diag [f * ' fV 
1 1 ^ 

dxd dxd 



f » ' 1 

* r d J 



6dx6 

Note: [F] is a re-arrangement of the elements of [Fj r ] from Submodel 1 

6dx6 dx4d 

with the addition of elements f-^. [F! 1 ] is from Submodel 1. 

Note: If the department (division) chairman is not of rank of professor, 

the model can be modified easily. 



Operation 


3.2 - Offices for Students Engaged 


in Theoretical Research 


7 

N. = l 


N - - , i = 1, 2, . . • » p 




1 3=1 






[ N iT ] 


[N.] x diag [P»**) = [N x N 2 . . 


. N ] x diag [p* 1 1 p* 1 1 

pj s r 2 


lxp 


lxp pxp lxp 


pxp 



Operation 3.3 - Administrative Office Facilities 
[N ] = [n x n 2 . . .n g ] 

1x8 
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Operation 3.4 - Tabulation of Personnel for Operation 3.5 



[F’] = 
6x2d 



1 


1 . . 


. . . 1 


f 15 


f 25 




f -1 
11 


f 21- X • • 


• • far 1 


f 16 


f 26 * * 


• • • f d'6 1 


f 12 


f 22 * * 


• • • f d2 


0 


0 . . 


. . . 0 1 


f 13 


f 23 * * 




0 


0 . . 


. . . 0 


f 14 


f 24 * * 


. . . f 

d4 


0 


0 . . 


. . . 0 


f" 

1 


£•' • • 


• • • f a 

6x2d 


0 


0 . . 


. . . 0 




[A] = [1 a a a a a] 

1x6 



[N ] = 
lx2d 

Note : 



Note : 




n 



f f 



lx2d 




n 



f f 

d+1 



• n 2d ] = W x t F ' ] 

1x6 6x2d 



If the department (division) chairman is not always of the rank 
of professor, the matrix [F 1 ] can be modified suitably. 

If the basis for assigning secretarial assistance varies among de- 
partments (divisions). Operations 3.4 and 3.5 must be changed to 
reflect the given basis. Further, it is entirely possible that 
the number of secretaries assigned per faculty member could vary 
in relation to the level of faculty. This would simply require 
establishing different values of (a) for each of the levels rather 
than assuming a single constant value. 
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Subr.io&rf 4 

Library Facilities 



The importance of the library facility is sufficiently great to warrant 
more attention in the planning process than is usually granted. The major 
failing appears to be the tendency to plan libraries on the basis of an in- 
dependent estimate of the acquisition rate, rather than on the basis of what 
is needed to satisfy the requirements of the planned research and instructional 
programs of the institution. The model developed herein, while not as complete 
or as readily applied as may be desirable, is based on the concept that library 
planning must reflect developments within the various instructional and research 

programs . 

Central to this approach is the problem of determining the minimum number 
-of books and journal titles required to establish and support the degree pro- 
grams of the institution. This determination is made in a manner somewhat 
similar to one developed by Clapp and Jordan [2] in 1965. 

This sub-model is developed in the following functional stages: 

A. User Facilities 

These include such areas as general reading and study areas, 

/• 

carrels of different types, microviewing, and those other 
areas in which the primary requirement is the formation of 
the bases for calculating the number and type of stations needed 

to serve the users. 

B. Active Storage Facilities 

These include stacks for books in general, reference works, reserve 
books, and bound journals; current book and journal display; map 
and print storage; microfilm storage, including programmed learn- 
ing and/or self- instruction materials and music tapes; microcard 
storage; music record storage; newspaper storage and display; 
slides storage; and any others to meet the institution’s needs. 
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C. Staff Work Facilities 

Provision is made for such library services as: 
acquisitions, bibliography, cataloging, circulation, historical 
collections, information retrieval and data processing, micro- 
processing, orders and interlibrary loans, photo reproductions 
(xerox, etc.), materials preparation, periodicals, receiving 
and shipping, reference, repair and binding, and mus'u;. 

Although the library facilities of an educational institution frequently 
consist of a main library and various school and/or department libraries, 
such a division has not been made for purposes of this study. Rather, all 
library facilities have been considered as a single unit regardless of the 
(possibly diverse) physical locations of the facilities. 

This section contains a written description of the methods used in 
determining the facilities needs in each of the above-mentioned categories. 
Then the mathematical models for these determinations are presented. Finally, 
there is a diagram showing the sequence of mathematical operations and the 
parameters in these operations. 
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Assumptions 

1. Library facilities are classified as user facilities, storage facilities and 

¥ 

staff (or service) facilities. 

2. The number of library users to be accommodated simultaneously is determined 
separately for professional faculty, research staff, students, and admin- 
istrative personnel to allow for different types of study facilities for 

these groups, if desired. 

3. The persons using the library simultaneously are accommodated in a variety 
of user facilities. 

4. All microfilm and microcard material, slides, maps and art prints, and 
tapes for programmed learning and self-instruction are included in the 

library holdings. 

5. The library collection can include music records and tapes. 

6. Music tapes and programmed learning and self-instruction tapes can be 

grouped with microfilm reels for storage. 

7. Only one copy of each issue of journals and newspapers is held in the 

library collection. 

8. Display facilities for current journals are provided in the periodicals 

room or other facility of the library. 

9. A collection of back volumes of journals and newspapers is stored an the 

library facilities. 

10. Back volumes of journals are to be shelved, put on microfilm, or put on 
microcards whereas back volumes of newspapers are to be shelved or put on 

microfilm. 

11. Storage facilities for documents from government agencies are not included 
in the model • 

12. Secretaries will not use library facilities in general. 

13. An estimate can be made of the number of library personnel to be provided 
with staff work facilities. 



14. It is possible to specify the minimum number of books required to 
establish various degree programs. Furthermore, it is possible to 
specify the additional number of books required per student in each 
degree program. 

15. Books can be stored by being shelved or by being put on microcards 
or microfilm. 
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A. User Facilities - Operations 4.1 - 4.09 

Operation 4.1 - Total Number of Professional Faculty 
Input 

The input to Operation 4.1 is the output from Operation 1.8, i.e., the 
actual number of professional faculty in each department (division) . 

The Operation 

This operation consists of adding the number of professional faculty in 
each department (division) . 

Output 

The output from Operation 4.1 is the total number of professional faculty 
in the institution. 

Operation 4.2 - Professional Faculty Library Users 
Input 

The input to Operation 4.2 is the output from Operation 4.1, the total 
number of professional faculty in the institution. 

Decision Parameter 

The decision parameter for this operation is the percentage of the total 
number of professional faculty to be provided with library facilities to be used 
simultaneously. 

The Operation 

Operation 4.2 consists of multiplying the total number of professional 
faculty in the institution by the decision parameter. 

Output 

The output from this operation is the number of the professional faculty 
to use library facilities simultaneously. 

Operation 4.3 - Total Research Staff by Department (Division) 

Inpu t 

The inputs to Operation 4.3 are the total number of project directors and 
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the number of other persons in the research staff assigned to each department 
(division) . 

The Operation 

This operation consists of adding the two inputs to Operation 4.3 for 
each department (division). 

Output 

The output from Operation 4.3 is the total number of research staff for each 
department (division) . 

Operation 4.4 - Total Institution Research Staff 
Input 

The input to Operation 4.4 is the output from Operation 4.3, the 
total number of research staff for each department (division) . 

The Operation 

This operation sums the total number of research staff for all 
departments (division). 

Output 

The output from this operation is the total number of research staff 
at the Institution. 

Operation 4.5 - Research Staff Library Users 
Inpu t 

The input to Operation 4.5 is the output from Operation 4.4, the total 
number of research staff at the institution. 

Decision Parameter 

The decision parameter for Operation 4.5 is the percentage of the total 
number of research staff to be provided with library facilities to be used 
simultaneously. 
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The Operation 

This operation consists of multiplying the total number of research 
staff at the institution by the decision parameter. 

Output 

The output from Operation 4.5 is the number of the research staff to use 
library facilities simultaneously. 

Operation 4.6 - Total Administrative Personnel in Certain Groups 
Input 

The inputs to Operation 4.6 are the outputs from Operation 3.3, omitting 
secretaries, i.e., the number of administrative personnel in groups (1-4), 6, 7 
The Operation 

This operation consists of adding the inputs, the number of administrative 
personnel in groups (1-4), 6, 7. 

Output 

The output from Operation 4.6 is the total number of administrative 
personnel in groups (1-4), 6, 7. 

Operation 4.7 - Administrative Library Users 
Input 

The input to Operation 4.7 is the output from Operation 4.6, the total 
number of administrative personnel in groups (1-4), 6, 7. 

Decision Parameter 

The decision parameter for this operation is the percentage of the total 
administrative personnel in groups (1-4), 6, 7, to be provided with library 
facilities to be used simultaneously. 

The Operation 

This operation consists of multiplying the input to this operation by the 
decision parameter. 
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The Output 

The output from Operation 4.7 is the total number of administrative 
personnel to use library facilities simultaneously. 

Operation 4.8 - Total Student Enrollment 
Input 

The input to Operation 4.8 is the same as the input to Operation 1.1, 
the number of students in each degree program at each academic level, in 
a given year. 

The Operati on 

This operation consists in summing the number of students in each 
degree program at each academic level, in a given year. 

Output 

The output from Operation 4.8 is the total number of students enrolled 
at the institution. 

Operation 4.9 - Student Library Users 
I nput 

The input to Operation 4.9 is the output from Operation 4.8, the total 
number of students enrolled at the institution. 

Decision Parameter 

The decision parameter for this operation is the percentage of the total 
number of students, enrolled at the institution, to be accommodated in the 
library simultaneously. 

The Operation 

Operation 4.9 consists of multiplying the total number of students, enrolled 
at the institution, by the decision parameter. 

Output 

The output from Operation 4.9 is the total number of students, enrolled 
at the institution, to be accommodated in the library simultaneously. 
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B. Active Storage Facilities 



I. Minimum Required Number of Books and Journals - Operations 4.10 - 4.25 
Operation 4.10 - Vector Formation for Operation 4.11 

Input 

The inputs to Operation 4.10 are new inputs as follow: the minimum number 

of books required to establish each degree program, the number of undergraduate 
students in honors or independent study programs in each degree program, the 
number of students enrolled for a master's degree in each degree program, the 
number of students enrolled for a doctor's degree in each degree program, and 
the output from Operation 3.2, the total number of students in each degree program. 

The Operation 

This operation merely arranges the inputs in a convenient form for the 
next operation. 

Operation 4.11 - Total Books Required by Degree Program 

Input 

The input to Operation 4.11 is the output from Operation 4.10, i.e., the 
inputs to Operation 4.10 as arranged for performance of this operation. 

Decision Parameters 

The decision parameters for this operation are the minimum number of 
books required to establish each degree program, the number of books per student 
in each degree program, the number of books per undergraduate student in honors 
or independent study programs in each degree program, the number of books per 
student enrolled for a master's degree in each degree program, and the number 
of books per student enrolled for a doctor’s degree in each degree program. 

T he Operation 

Operation 4.11 consists of adding to the minimum number of books re- 
quired to establish each degree program the products of the number of students 
in each degree program, the number of undergraduate vaidents in honors or 
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independent study programs in each degree program, the number of students - 

enrolled for a master's degree in each degree program, and the number of 
students enrolled for a doctor's degree program by the appropriate decision J 

parameter specifying the number of books per student in each of the^e groups. 

Output ! 

The output from Operation 4.11 is the number of books required for 

, l 

each degree program. 

Operation 4.12 - Total Books Required for All Degree Programs L 

Input j; 

The inputs to Operation 4.12 are the outputs from Operation 4.11, the 1 

number of books required for each degree program. There are as many inputs 
to Operation 4.12 as there are degree programs. 

The Operation 

This operation sums, over all degree programs, the number of books ^ 

required for each degree program. 

Output 

The output from Operation 4.12 is the total number of books required 
for all degree programs. 

Operation 4.15 - Total Professional Faculty and Research Staff by Depa rtment (Divisior 
Input 

The inputs to Operation 4.13 are the outputs from Operation 1.8 as used 
in Operation 3.4, i.e., the actual number of professional faculty in each 
department (division) , the total number of research directors assigned to each 
department (division), and the number of other persons in the research staff 
assigned to each department (division). 

The Operation 

This operation merely adds the inputs to the operation. 
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Output 

The output from Operation 4.13 is the total number of professional faculty 
and research staff assigned to each department (division) . 

Operation 4.14 - Books Required for Professional Faculty and Research Staff 

By Department (Division) 

Input 

The input to Operation 4.14 is the output from Operation 4.13, the 
total number of professional faculty and research staff assigned to each 
department (division) . 

Decision Parameter 

The decision parameter for Operation 4.14 is the number of books per 
professional faculty and research staff member in each department (division) . 

The Operation 

This operation multiplies the input to Operation 4.14 by the decision 
parameter for the operation. 

Output 

The output from Operation 4.14 is the number of books required for the 
professional faculty and research staff of each department (division) . 

Operation 4.15 - Total Number of Books Required for All Professional Faculty 

and Research Staff 

Input 

The input to Operation 4.15 is the output from Operation 4.14, the number 
of books required for the professional faculty and research staff of each 
department (division). 

The Operation 

This operation sums the input over 't^l departments (divisions) . 

Output 

The output from Operation 4.15 is the total number of books required by the 
professional faculty and research staff at the institution. ^ 



Operation 



4.16 - Total Administrative Staff, Omitting Secretaries 



Input 

The inputs to Operation 4.16 are several of the outputs of Operation 3.3, 
i.e., the total number of administrative personnel in groups (1-4), 6, 7 as 
there indicated. 

The Operation 

This operation adds the several inputs to Operation 4.16. 

Output 

The output from Operation 4.16 is the total number of administrative 
personnel, omitting secretaries. 

Operation 4.17 - Books Required for Administrative Personnel 
Input 

The input to Operation 4.17 is the output from Operation 4.16, the total 
number of administrative personnel, omitting secretaries. 

Decision Parameter 

The decision parameter for this operation is the number of books per 
administrative personnel member, omitting secretaries. 

The Operation 

Operation 4.17 consists of multiplication of the input to this operation 
by the decision parameter. 

Output 

The output from Operation 4.17 is the total number of books required for the 
administrative personnel, omitting secretaries. 

Operation 4.18 - Total Books Required 
Input 

The inputs to Operation 4.18 are the outputs from Operations 4.12, 4.15 
and 4.17, i.e. the total number of books required respectively for all degree 
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programs, for the professional faculty and research staff, and for the 
administrative personnel, omitting secretaries. 

The Operation 

Operation 4.18 consists of adding the three inputs to the operation. 

Output 

The output from Operation 4.18 is the minimum total number of books 
required for the educational, research, and administrative activities of the 
institution. 

Operations 4.19 - 4.25 - Total Journal Titles Required 

These operations for journal titles almost parallel those for books, 
the words "journal titles" being substituted for the word "books," as 
described previously for Operations 4.10 - 4.18. Consequently, descriptions 
of the operations are omitted. 

Output 

The output from Operation 4.25 is the minimum total number of journal 
titles required for the educational, research, and administrative activities 
of the institution. 

II. Storage Units for Library Holdings - Operations 4.26 - 4.39 

Operation 4.26 - Number of Books to be Shelved, to be put on Microfilm and Microcards 

Input 

The input to Operation 4.26 is the output from Operation 4.18, the 
minimum total number of books required for the educational, research, and 
administrative activities of the institution. 

Decision Parameters 

The decision parameters for this operation are the percentage of the 
minimum total number of books to be shelved, the percentage to be put on 
microfilm, and the percentage to be put on microcards. 
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The Operation 



This operation consists of multiplying the input, the minimum total number 
of books, by each of these decision parameters. 

Output 

The outputs from Operation 4.26 are the number of books to be shelved, the 
number to be put on microfilm, and the number to be put on microcards. 

Operation 4.27 - Total Journal Volumes Deposited i n Library 

Input 

The input to Operation 4.27 is the output from Operation 4.25, the 
minimum total number of journal titles required for the educational, research, 
and administrative activities of the institution. 

Decision Parameter 

The decision parameter for Operation 4.27 is the average number of journal 
volumes per journal title to be deposited in the library. 

The Operation 

This operation consists of multiplying the input, the .minimum total 
number of journal titles, by the decision parameter. 

Output 

The output from Operation 4.27 is the total number of journal volumes to be 
deposited in the library. 

Operation 4.28 - Number of Journal Volumes to be Sh elve^Pj^onJUcr^m^ 

Microcards 

Input 

The input to Operation 4.28 is the output from Operation 4.27, the total 
number of journal volumves to be deposited in the library. 

Decision Parameters 

"* l * - ■ ' 

The decision parameters for Operation 4.28 are the percentage of the total 
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number of journal volumes to be shelved, the percentage to be put on microfilm, 
and the percentage to be put on microcards. 

The Operation 

This operation consists of multiplying the input, the total number of 
journal volumes to be deposited in the library, by each of the three decision 

parameters . 

Output 

The outputs from Operation 4.28 are the number of journal volumes to be 
shelved, the number to be put on microfilm, and the number to be put on micro- 
cards . 

Operation 4.29 - Total Newspaper Volumes to be Deposited in Library 
Input 

The input to Operation 4.29 is a new input, namely the total number 
of newspaper titles obtained for library use. 

Decision Parameter 

The decision parameter for Operation 4.29 is the aver'- *e number of 
newspaper volumes per newspaper title to be deposited in the library. 

The Operation 

This operation consists of multiplying the input, the total number of 
newspaper titles, by the decision parameter. 

Output 

The output from Operation 4.29 is the total number of newspaper volumes 
to be deposited in the library. 

Operation 4.30 - Number of Newspaper Volumes to be Shelved and to be Put on 
" Microfilm 

Input 

The input to Operation 4.30 is the output from Operation 4.29, the 
total number of newspaper volumes to be deposited in the library. 
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Decision Parameters 



The decision parameters for this operation are the percentage of the 
total number of nev/spaper volumes to be shelved and the percentage to be 
put on microfilm. 

The Operation 

This operation consists of multiplying the input, the total number 
of newspaper volumes, by the two decision parameters. 

Output 

The outputs from Operation 4.30 are the number of newspaper volumes 
to be shelved and the number to be put on microfilm. 

Operation 4.31 - Number of Programmed L earning and/or Self Instruction Tapes 
' and Music Tapes to be Deposited in the Library 

Input 

The input to Operation 4.31 is the output from Operation 2 the 
student enrollment in each degree program. 

Decision Parameters 

The decision parameters for this operation are the number of programmed 
learning and/or self-instruction tapes per student in each degree program 
and the number of music tapes per student in each degree program. 

The Operation 

Operation 4.31 consists of multiplying the number of students in each 
degree program by each of the two parameters and summing the products sep 
arately for programmed learning and/or self instruction tapes and music tapes. 

Output 

The two outputs from Operation 4.31 nre the total number of programmed 
learning and/or self-instruction tapes and the total number of music tapes 
to be held in the library. 
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Operation 4.32 - Formation of Row Vector for Operation 4.33 



Input 

The inputs to Operation 4.32 are the number of books to be put on micro- 
film, from Operation 4.26; the number of journal volumes to be put on micro- 
film, from Operation 4.28; and the number of newspaper volumes to be put on 
microfilm, from Operation 4.30. 

The Operation 

Operation 4.32 merely arranges the inputs in a form suited to the next 
operation. 

Operation 4.33 - Required Microfilm Reels 

Input 

The inputs to Operation 4.35 are the inputs to Operation 4.32, as arranged 
by that operation. 

Decision Parameters 

The decision parameters for Operation 4.33 are the average number of micro- 
film reels per book, the average number of microfilm reels per journal volume, 
and the average number of microfilm reels per newspaper volume. 

The Operation 

This operation consists of multiplying each of the inputs by the ap- 
propriate one of the three decision parameters and summing the resulting 
products. 

Output 

The output from Operation 4.33 is the total number of microfilm reels 
required for books, journal volumes, and newspaper volumes to be held in the 
library. 

Operation 4.34 - Total Number of Tapes and Microfilm Reels to be Store d 

Input 

The inputs to Operation 4.34 are the two outputs from Operation 4.31 
and the output from Operation 4.33 
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The Operation 



This operation consists of adding the three inputs to the operation. 

Output 

The output from Operation 4.34 is the total number of programmed learning 
and/or self-instruction tapes; music tapes; and microfilm reels required 
for books, journal volumes, and newspaper volumes to be held in the library. 

Operation 4.35 - Formation of Row Vector for Operation 4.36 
Input 

The inputs to Operation 4.35 are the number of books to be put on 
microcards, from Operation 4.26, and the number of journal volumes to be 
put on microcards, from Operation 4.28. 

The Operation 

This operation is only an arrangement of two inputs to facilitate 
the next operation. 

Operation 4.36 - Total Microcards to be Stored 
Input 

The inputs to Operation 4.36 are the inputs to Operation 4.35, as 
arranged by that operation. 

Decision Parameters 

The decision parameters for this operation are the average number of 
microcards per book and the average number of microcards per journal volume. 

The Operation 

Operation 4.36 consists of multiplying each of the two inputs by the 
appropriate decision parameter and adding the two products so formed. 

Output 

The output from Operation 4.36 is the total number of microcards required 
for books and journal volumes to be held in the library. 
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Operation 4.37 - Number of Slides. Maps and/or Art Prints, and Music Records 
to be Held in the Library 



Input 

The input to Operation 4.37 is the output from Operation 2.2, the student 
enrollment in each degree program, as in Operation 4.31. 

Decision Parameters 

The decision parameters for this operation are the number of slides per 
student in each degree program, the number of maps and/or art prints per 
student in each degree program, and the number of music records per student 

in each degree program. 

The Operation 

This operation consists of multiplying the input, the student enrollment 
in each degree program, by each of the decision parameters in turn and adding 
separately the products for slides, maps and/or art prints and music records. 

Output 

The three separate outputs from Operation 4.37 are the total number of 
slides, the total number of maps and/or art prints, and the total number of 
music records to be held in the library. 

Operation 4.38 - Formation of Row V ector for Operation 4.39 

Input 

There are eight inputs to Operation 4.38, namely, the number of books 
to be shelved, from Operation 4.26; the number of journal volumes to be 
shelved, from Operation 4.28; the number of newspaper volumes to be shelved, 
from Operation 4.30; the total number of microfilm reels, programmed learning 
and/or self-instruction tapes, and music tapes, from Operation 4.34; the 
total number of microcards for books and journal volumes, from Operation 4.36 
the total number of slides, the total number of maps and/or art prints, and 
the total number of music records, the last three from Operation 4.37. 
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The Operation 

This operation merely arranges the above eight inputs in a convenient 
form for the next operation. 



Operation 4.39 - Storage Units Required 

Input 

The inputs to Operation 4.39 are the inputs to Operation 4.38, as arranged 

in that operation. 

Decision Parameters 

There are eight parameters for Operation 4.39, one for each of the eight 
inputs. These are the number of books per shelving units; the number of bound 
journal volumes per shelving unit; the number of bound newspaper volumes per 
shelving unit; the number of microfilm reels, programmed learning and/or self- 
instruction tapes, and music tapes per storage unit; the number of microcards 
per storage unit; the number of slides per storage unit; the number of maps 
and/or art prints per storage unit; and the number of music records per storage 



unit. 

The Operation 

This operation consists of dividing each of the eight inputs by the 
appropriate one of the eight decision parameters. 

Output 

The outputs from Operation 4.39 are eight in number, namely, the number 
of storage units for each of books; bound journal volumes; bound newspaper 
volumes; microfilm reels, programmed learning and/or self-instruction tapes, 
and music tapes; microcards; slides; maps and/or art prints; and music records 



c. 



Staff Work Facilities 

A representative list library personnel, requiring work facilities for 
staff members, has been given previously. The number of staff members 
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involved depends on the facilities installed or planned for the library and 
the volume of work to be done in each facility. Consequently, this number of 
staff members is not readily quantifiable. Nevertheless, each institution 
should be able to estimate rather closely the number of persons involved. 

The Operation 

An estimate of the number of persons to be provided with staff work 
facilities. 
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Symbols 

A. User Facilities 



f i 



r t 

r f 



f i5 



f i6 



N 



R 



R 



n 



g 



N, 



N ij 



the actual number of professional faculty in department (division) 

i# i = 1, 2, . . d (from Operation 1.8) 

the total number of professional faculty at the institution 

the percentage of F t to be provided with library facilities to be 

used simultaneously 

the number of professional faculty to use library facilities 
simultaneously 

the number of project directors in the research staff assigned to 
department (division) i, i = 1, 2, . . . , d (from Operation 3.1) 
the number of persons in the research staff, excluding project 
directors, assigned to department (division) i, i = 1, 2, . . ., 
d, (from department profiles) 

the total number of research staff at the institution 

the percentage of N R to be provided with library facilities to be 
used simultaneously 

the number of research staff to use library facilities simultaneously 
the total number of administrative personnel in group g» g 1» 2, 

8, as the groups are numbered previously (from Operation 3.3) 
the total number of administrative personnel in groups (1-8), omit- 
ting secretaries, at the institution. 

the percentage of Ng to be provided with library facilities to be 
used simultaneously 

the number of administrative personnel to use library facilities 
simultaneously 

the number of students in degree program i at academic level j , i = 

2 p, j = 1, 2, • - • , 7 » in a given year (as in Operation 1. 
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the total number of students enrolled in the institution 





the percentage of Ny to be accommodated in the library simultaneously 

the total number of students to be accommodated in the library 

/ 

simultaneously 



B. Active Storage Facilities 

b = the minimum number of books required to establish degree program 

P 

p, p = 1, 2, . . .,p (new input) 
p = the number of degree programs 

N = the total number of students in degree program p,p=l,2, . . 

P 

p (same as N. from Operation 3.2) 

H = the number of undergraduate students in honors or independent study 

P 

programs in degree program p, p = 1, 2, . . .,p (new input) 

M = the number of students enrolled for a master's degree in degree 

P 

program p, p = 1, 2, . . .,p (new input) 

D = the number of students enrolled for a doctor's degree in degree 

P 

program p, p = 1, 2, . . .,p (new input) 

v = the number of books per student in degree program p, p=l, 2, . . .,p 

P 

= the number of books per undergraduate student in honors or independent 

study programs in degrees program p, p = 1, 2, . . . , p 

v'' = the number of books per student enrolled for a master's degree in 

P 

degree program p,p=l, 2, . . .,p 

v" ' = the number of books per student enrolled for a doctor's degree in 
P 

degree program p, p = 1, 2, . . p 

F! 1 = the total n umb er of professional faculty and research staff in or 

assigned to department (division) i, i=l, 2, . . .,d 
v- = the number of books per individual included in F!' 
n,, n 2 > n^, n^, n^, ny = the number of administrative personnel in groups 
1, 2, 3, 4, 6, 7, (from Operation 3.3) 
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the total number of administrative personnel in groups 1, 2, 3, 4, 

6, 7 

the number of books per person in N 

a 

the minimum number of journal titles required to establish degree 
program p, p = 1, 2, . . p (new input) 
the number of journal titles per person in N & 

the number of journal titles per individual included in F!', i = 1, 2, 
• • • ) d 

the number of journal titles per student in degree program p, p = 1, 

• • • » P 

the number of journal titles per undergraduate student in honors or 
independent study program in degree program p, p=l, 2, . . .,p 
the number of journal titles per student enrolled for a master's 

degree in degree program p, p=l, 2, . . .,p 

the number of journal titles per student enrolled for a doctor's 

degree in degree program p, p = 1, 2, . ..,p 

the total number of journal titles required for all degree programs 
and staff (from Operation 4.25) 

the total number of books required for all degree programs and staff 
(from Operation 4.18) 

the number of newspaper titles obtained for library use (new input) 
the average number of back journal volumes per journal title to be 
deposited in the library 

the average number of back newspaper volumes per newspaper title to 

be deposited in the library 

the percentage of B to be shelved 

the percentage of B to be put on microfilm 

the percentage of B to be put on microcards 



the percentage of the total number of journal volumes to be shelved 

the percentage of the total number of journal volumes to be put on 

microfilm 

the percentage of the total number of journal volumes to be put on 
microcards 

the percentage of the total number of newspaper volumes to be shelved 

the percentage of the total number of newspaper volumes to be put on 

microfilm 

the total number of books to be shelved 

the total number of books to be put on microfilm 

the total number of books to be put on microcards 

the total number of journal volumes to be shelved 

the total number of journal volumes to be put on microfilm 

the total number of journal volumes to be put on microcards 

the total number of newspaper volumes to be shelved 

the total number of newspaper volumes to be put on microfilm 

the total number of students in degree program i, i=l,2, . . • » p 

(from Operation 3.2) 

the number of programmed learning and/or self-instruction tapes 
provided per student in degree program i, i=l, 2, . . -,p 
the number of music tapes provided per student in degree program 

i, i - 1 > 2, . . • > p 

the total number of programmed learning and/or self-instruction tapes 
to be stored 

the total number of music tapes to be stored 

the average number of microfilm reels per book 

the average number of microfilm reels per journal volume 

the average number of microfilm reels per newspaper volume 
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the total number of microfilm reels for books, journal volumes, and 
newspaper volumes 

the total number of microfilm reels for books, journal volumes, news- 
paper volumes, plus programmed learning and/or self-instruction tapes 
and music tapes to be stored 
the average number of microcards per book 
the average number of microcards per journal volume 
the total number of microcards for books and journal volumes to be 

stored 

the number of slides per student in degree program i, i=l, 2, . . . 
the number of maps and/or art prints per student in degree program 
i, i = 1» 2, . . • » p 

the number of music records per student in degree program i, i = 1, 2 
. . ., p 

the total number of slides to be stored 

the total number of maps and/or art prints to be stored 

the total number of music records to be stored 

the number of books per shelving unit 

the number of bound journal volumes per shelving unit 

the number of bound newspaper volumes per shelving unit 

the number of microfilm reels and tapes per storage unit 

the number of microcards per storage unit 

the number of slides per storage unit 

the number of maps and/or art prints per storage unit 

the number of music records per storage unit 

the number of shelving units for books 

the number of shelving units for bound journal volumes 

the number of shelving units for bound newspaper volumes 

the number of microfilm and tape storage units 



U = the number of microcard storage units 

5 

U * the number of storage units for slides 

6 

Uy = the number of storage units for maps and/or art prints 

Ug = the number of storage units for music records 

C. Staff Work Facilities 

N = the number of library staff to be provided with work facilities 
w 



The Models 



A. User Facilities 

Operation 4.1 - Total Number of Professional Faculty 



d 




Operation 4.2 - Professional Faculty Library Users 



Operation 4.3 - Total Research Staff by Department 

Add: £ + f., 

°15 16 

Operation 4.4 - Total Institution Research Staff 



N 

R 






(Division) 



Operation 4.5 - 



R t = N x r 
L R R 



Research Staff Library Users 



Operation 4.6 - Total Administrative Personnel in Certain Groups 
n g = n i + n 2 + n 3 + n 4 + n 6 + n 7 



Operation 4.7 - Administrative Library Users 
A L = N G X r G 



Operation 4.8 - Total Student Enrollment 
P 7 

N T = Z Z N. . 

T . , 
i=l ]=1 

Operation 4.9 - Student Library Users 

N L = N T X r s 

Note : If private study facilities such as closed carrels are provided for any 

groups, for example faculty and research staff, these must be counted 
as part of the simultaneous occupancy for which provision is to be 
made. 
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Ncte: It is possible to distribute the simultaneous occupancy over the 

various types of facility such as bibliography, carrels, conference, 

historical collections, map and art prints, microviewing, music, 

periodical, projection, reference, seminar, typing, and the like, 

by multiplying the outputs F , R , A , and N by appropriate matrices 

L L L \j 

with elements which are the percentages of these outputs to be ac- 



commodated in each facility. 

B. Active Storage Facilities 

I. Minimum Required Number of Books and Journals - Operation 4.10-4.25 



Opera tions 4.10 - 4.18 

P i T i r 

B = l [b N H M D ] x [1 v v' v' ' v' ' ' ] 1 } + E F." v. 

p=l P P P P P P P P P i=l 1 1 



v. + N v 
a a 



Operations 4.19 - 4.25 

P T 1 d 

J = I M N H M D ] X [1 V V' V" V’ " ] 1 + Z F! ' V. + N V 

U=1 P P P P P P P P P i=l a 

Note: These models follow the scheme set forth in Clapp, V. IV. and Jordan, 
R. T. [2] except that here the computation is made by degree pro- 
gram, department (division), and administration rather than for the 
entire institution at once. 

II . Storage Units for Library Holdings - Operations 4.26 - 4.39 

Operation 4.26 - Number of Books to be Shelved, to be Put on Microfilm and 

Microcards 

[ B 1 b 2 B 3 J - B [ P]L p 2 p 3 J 
1x3 1x3 

Operations 4.27 and 4.28 - Number of Journal Volumes to be Shelved; Put on 

Microfilm and Microcards 

[ J 1 J 2 J 3 ] = k J [pj p’ p^] 

1x3 1x3 
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Operat ions 4.29 - 4.30 - Number of Newspaper Volumes to be Shelved and to be 
Put on Microfilm 

[p , p,] = k . P . [p .. p .«] 

1x2 1x2 

Operation 4.31 - Number of Programmed Learning and/or Sel f Instruction Tapes 

and Music Tapes to be Deposited in the Library . 

[T T’] = [>L] x 

1x2 lxp 



Operation 4.32 - Formation of Row Vector for Operation 4.33 




T T’ 
_P P 
px2 



Form row vector [B 2 J 2 P^] 

1x3 

Operation 4.33 - Required Microfilm Reels 




lxl 1x3 3x1 

Operation 4.34 - Total Number of Tapes and Microfilm Reel s to be Stored 



M* * M! + T + T’ 

2 1 

Operation 4.35 - Formation of Row Vector for Operation 4.36 

Form row vector [B J 7 ] 

1x2 



Operation 4.36 - Total Microcards to be Stored 

iT 




[S” M' M’] 
4 

1x3 



[N.] 

1 

lxp 



s 


m’ » ' 


m i V 


1 


1 


1 


S 2 


m 2 


m|v 


S 


m” ' 


m iv 


P 


P 


P 




px3 
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Operation 4.38 - Formation of Row Vector for Operation 4.39 
Form row vector [B^ PJ S’’ M^] 

Operation 4.39 - Storage Units Required 

[U x U 2 U 3 U 4 U 5 U 6 U 7 Ug] = [Bj Jj P} HJ MJ S" M-] x diag 
1x8 1x8 

Staff Work Facilities 

Operation 4.40 



SoWn.vOc)t(s -b av.D Cc> 

Living and Dining Facilities 

Student living facilities and dining facilities are considered together 
because they are both non-academic facilities which are necessitated by the 
presence of a student body rather than by the specific academic interests of 
sub-groups within the student body. Consequently there are two problems re- 
quiring solution: (1) given a student enrollment by degree program and academic 

level, to determine the number of students according to sex, marital status, 
and academic level (where relevant to an institution’s housing policies) for 
whom living facilities are to be provided, and (2) given a student enrollment 
by degree program and academic level, a professional faculty, a reseach staff, 
an administrative staff, an instruction and research connected secretarial staff, 
and a service staff, to determine the number of persons for whom dining facilities 
are to be provided. 

Both of these sub-models require the use of specified decision parameters, 
the numerical values of which reflect past experience and/or future expectations, 
requirements, or preferences. 

This section of the report describes, in words, the operations and decision 
parameters required for the solution of the two problems. This is followed 
by mathematical models of the operations and by a diagram showing the sequence 
of the mathematical operations and the use of the decision parameters. 
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Assumptions - Submodel 5; Student Living Facilities 



For purposes of developing this model, the student body is grouped into the 
following five categories: 

1. single male undergraduate students 

2. single female undergraduate students 

3. single male graduate students 

4. single female graduate students, and 

5. married students 

Note: T he policies in force at any particular institution may vary considerably 
from the situation assumed in the above listing of categories. These 
various policies can be accommodated by either deleting categories (e.g. 
by not differentiating between graduate and undergraduate students and 
using only single male and single female categories) or by adding categories 
(e.g. by subdividing the undergraduates by level or by academic or social 
interests). The only requirements imposed are that the categories must be 
mutually exclusive (i.e. no student can be counted twice) and that, once 
established, they must be used consistently. 



Operation 5.1 - Number of Students by Category 

Input 

The input to Operation 5.1 is the total number of students enrolled at 
the institution (from Operation 4.8). 

Decision Parameters 

The decision parameters for this operation are the distribution, in 
percentage terms, of the total number of students among the several categories 
(i.e., the percentage of the students who are 1) single male undergraduate, 

2) single female undergraduate, 3) single male graduate, 4) single female 
graduate, and 5) married). 

The Operation 

The operation consists of multiplying the total number of students by the 
percentage of these students expected to be in each category. 

Output 

The outputs from Operation 5.1 are the numbers of students in each of the 
five categories listed previously. 

Operation 5.2 - Number of Non~Commuti ng Students by Category 

Input 

The inputs are the outputs from the previous operation, the number of 
students in each of the categories. 

Decision Parameters 

The decision parameters for this operation are the percentages of the 
students in each category who are expected to be non-commuting students (i.e. 
students who do not live at home) . 

The Operation 

Operation 5.2 consists of multiplying the total number of students in 
each category by the percentage of students in each category expected to be 



non-commuters . 
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Output 

The outputs from this operation are the numbers of non-commuting students 
in each of the categories. This output indicates the maximum number of students 
by category, who could require on-campus housing facilities. 

Operation 5.3 - Number of Students t o be Housed 

* 

Input 

The inputs to Operation 5.3 are the outputs from Operation 5.2, the number 
of non-commuting students in each of the five categories. 

Decision Parameters 

The decision parameters for this operation are the percentages of the 
number of non-commuting students, in each of the five categories, for whom it 
is planned to provide living facilities. 

Output 

The outputs from Operation 5.3 are the number of students, in each of the 
five categories, to be housed. 
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Symbols for Submodel 5 




r 

q 



N' = 

q 

r’ = 

q 

N' ' = 

q 




n' = 

q 

[W]= 

1x5 



the total nu mb er of students enrolled at the institution (from 
Operation 4.8) 

the percentage of N^in category q,q = l»2, . . .,5 
(see assumptions for definitions of these categories) 
the number of students in category q, q=l,2, . . .,5 
the percentage of N' who are non- commuting students, q = 1, 2, 

q 

the n umb er of non-commuting students in category q, q- 1» 2, . 
the percentage of N” ' for whom it is planned to provide living 
facilities, q = 1, 2, . . .,5 

the number of students in category q to be housed, q = 1, 2, . 
the row vector with components n* 



Models for Submodel 5 



Operation 5.1 - Number of Students by Category 



[N' ] = [N 
q 1 

1x5 



N' 

2 



. N * ] = N [r r 
5 J T 1 1 2 






1x5 



Operation 5.2 - Number of Non-Commuting Students by Category 

[N M ] = [N" N" . . . N "] = [N* ] x diag [r' r' . . r'] 

q 12 5q 12 5 

1x5 1x5 5x5 



Operation 5.5 - Number of Students to be Housed by Category 

[N] = [nj n' 2 n^ n^ n^] = [N^' ] x diag tP^PjP^] 

1x5 1x5 5x5 
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Assumptions - Submodel 6; Dining Facilities 

1. Students housed in certain living facilities may be required to take meals 
in the institution’s dining facilities. 

2. Students not required to take meals in the dining facilities may take their 
meals there. 

3. Faculty, research staff, and other personnel may take meals in the dining 
facilities. 

4. Dining facilities must be adequate to accommodate the maximum number of 
diners to be served at any one meal. 



Operation 6.1 - Total Number of Students to be Housed 
Input 

The inputs to Operation 6.1 are the outputs from Operation 5.3, the 
number of students to be housed, by category. 

The Operation 

Operation 6.1 consists of adding the number of students in each of the 

inputs. 

Output 

The output from Operation 6.1 is the total number of students to be 
housed. 

Operation 6.2 - Total Number of Non-Resident Students 
Input 

The inputs to Operation 6.2 are the total number of students enrolled, 
from Operation 4.8, and the output from Operation 6.1, the total number of 
students to be housed. 

The Operation 

This operation consists of subtracting the total number of students to 
be housed from the total number of students enrolled. 

Output 

The output from Operation 6.2 is the number of non-resident students at the 
institution. 

Operation 6.3 - Total Number of Administrative Personnel 
Input 

The inputs to Operation 6.3 are the numbers in each of groups (1-8), 
as previously listed, from Operation 3.3. 

The Operation 

This operation consists of adding the number of administrative personnel 
in each of groups (1-8). 



o 
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Output 

The output from Operation 6.3 is the total number of administrative 
personnel in all eight groups. 

Operation 6.4 - Total Number of Instructional and Research Connected Secretaries 

Input 

The inputs to Operation 6.4 are the number of instruction connected 
secretaries for professional faculty, by rank; and for graduate teaching 
assistants and the number of research connected secretaries; by departments 
(division) (from Operation 3.5). 

The Operation 

This operation consists of adding all the inputs, to Operation 6.4. 

Output 

The output from Operation 6.4 is the total number of instruction and 
research connected secretaries. 

Operat ion 6.5 - Formation of Row Vector for Operation 6.6 

Input 

The inputs to Operation 6.5 are eight in number as follow: the total 

number of non-resident students, from Operation 6.2; the total number of resident 
students from Operation 6.1: the total number of professional faculty at the 
institution, from Operation 4.1; the total number of research staff at the 
institution, from Operation 4.4; the total number of administrative personnel, 
from Operation 6.3; the total number of instruction and research connected sec- 
retaries, from Operation 6.4; the number of library staff to be provided with 
work facilities, from Operation 4.40; and the total number of all types of service 
employees, a new input. 

The Operation 

This operation is merely an arrangement of the inputs. 
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Output 

The output from Operation 6.5 is a vector arrangement of the inputs for 
performance of the next operation. 

Operation 6.6 - Maximum Number to be Provided with Dining Facilities 
Input 

The input to Operation 6.6 is the output from Operation 6.5, the arrang- 
ing of the inputs to Operation 6.5 in a vector form suitable for use in this 
operation. 

Decision Parameters 

The decision parameters for this operation are the percentages of each of the 
inputs to take meals in dining facilities at the meal with the maximum number of 
diners. 

The Operation 

This operation consists of multiplying each of the inputs by the appropriate 
decision parameter and summing the products so formed. 

Mm 

Output 

The output from Operation 6.6 is the maximum number for whom dining facilities 

* 

are to be provided. 




\ 
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Symbols for Sub -Mod el 6 




n ' = 

q 



N' " = 

q 







n 



1 1 

s 



the total number of students enrolled at the institution (from 
Operation 4.8) 

the number of students in category q, q= 1, 2, . . . , 5, to be 
housed (Operation 5.3) 

the total number of students to be housed 

the total number of non-resident students enrolled at the institution 
the total number of professional faculty at the instiution (from 
Operation 4.1) 

the total number of research staff at the institution (from Operation 4.4) 
the number of administrative personnel in each group g, g = 1, 2, . . ., 

8 (from Operation 3.3) 

the total number of administrative personnel in all eight groups 
the number of instruction connected secretaries for professional faculty 
by rank and for graduate teaching assistants and the number of research 
connected secretaries, by departments (divisions) s = 1, 2, . . . , 2d 



[N s ] = 
lx2d 



[W] = 
1x8 



p" • = 

m 



rp* "] = 

' M 



8x1 



(from Operation 3.5) 

the row vector with components n^ f , s = 2, • • •> ^d (from Operation 3. 

the total number of instruction and research connected secretaries 
the number of library staff to be provided with work facilities (from 

Operation 4.40) 

the total number of all types of service employees (new input) 
the row vector with components lip N 1 ', Fp N^, Ng, N^, N w , and n s 

the percentage of the components of [W] in the order of these 

1x8 

components, to take meals in dining facilities at the meal with 

maximum number of diners, m = 1, 2, . . ., 8 

the column vector with components P ;'-, m 1, 2, . , .,8 
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tn D ] = 
lxl 

Note: 



the maximum number for whom dining facilities are to be provided 

the p ,M must reflect the institution's decision requiring students 
m 

in certain living facilities to take their meals in the dining 
facilities . 
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Models for Sub-Model 6 

Operation 6.1 - Total Number of Students to be Housed 
5 

N* * * = £ n* 

q q=l q 

Operation 6.2 - Total Number of Non-Resident Students 

N T = N T - N* • ' 

T T q 

Operation 6.3 - Total Number of Administrative Personnel 
8 



N 



G 



Z n 
g=l 



g 



Operation 6.4 - Total Number of Instructional and Research Connected Secretaries 
2 d 

= Z n” 



N* 

s 



S = 1 



Operations 6.5 and 6.6 - Maximum Number to be Provided with Dining Facilities 



[W f ] = 


[ N T N ’’ F t N r N g n; N w nj] 


1x8 


1x8 


L m J 


[p}“ P^’ P3” • • • Ps’’^ 


8x1 


8x1 


[n D ] = 


[W’l x [P* * * 3 
L J 1 m 


lxl 


1x8 8x1 
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Submodel 7 - Parking Facilities 

Parking facilities are considered in two groups, (1) facilities on or 
near campus and (2) facilities near living and dining facilities, to provide 
for situations in which the living and dining facilities are at some distance from 
the main campus. Consequently, two problems are presented for solution, (1) 
given a student enrollment by degree program and academic level, a faculty and 
research staff, an administrative staff, a secretarial and library staff, 
and other employees and visitors, to determine the number of automobile and 
other parking units required on or near campus and (2) given a student population 
residing in the institution’s living facilities, the administrative staff for 
living and dining facilities, and other employees and visitors, to determine 
the number of automobile and other parking units required near living and dining 

facilities. 

These problems are solved *-y using certain decision parameters applied to 
appropriate numbers of persons as inputs to the operations involved. 

This part of the report gives a word description of the operations and 
the decision parameters used in the solution of the problems. This description 
is followed by a mathematical model of the solutions and a diagram illustrating the 
sequence of operations and decision parameters used to effect the solution. 
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Assumptions 



1. Parking facilities are needed on or near campus and also near living and 
dining facilities. 

2. All commuting students are to be provided with parking facilities on or 
near campus for attending classes. 

3. Institution policies exist concerning the possession of automobiles by 
students, on ranks of faculty and titles of research and administrative 
staff to be provided with parking facilities, and on other personnel to be 

provided with parking facilities. 

4. Department (division) chairmen and project directors in the research staff 
are to be provided with parking facilities. 

5. Administrative personnel in groups (1-3), 6, as listed in sub-model 3, 

are to be provided with parking facilities. 

6. A transportation study has been made to determine whether bus transportation 
is needed to transport students to class and, if so, the number of buses 

required. 

7. Parking facilities are needed on or near campus and near near living 
and dining facilities for motorcycles, motor scooters, and bicycles. 

8. Parking facilities for visitors are needed on or near campus and near 
living and dining facilities N 

9. Public attending lectures and/or conferences can park in visitors' 
facilities or in student and other parking facilities not in use. 

10. Parking facilities for large scale events, such as athletic contests, 
will be ovided in planning the facilities for such events. 

11. It may be desired to assign parking units for faculty by rank. 

12. The department (division) chairman has the rank of professor, as in 

Operation 3.1. 
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A. Parking Facilities On Or Near Campus - Operations 7.1 - 7.12 



Operation 7.1 - Number of Non-Commuting Students Allowed to Have Automobiles 
Input 

The input to Operation 7.1 is the output from Operation 5.6, the total 
number of non-commuting students. 

Decision Parameter 

The decision parameter for this operation is the percentage of the 
total number of non-commuting students who are allowed to have automobiles. 

The Operation 

This operation consists of multiplying the input by the decision parameter. 
Output 

The output from Operation 7.1 is the total number of non-commuting students 
who are allowed to have automobiles. 

Operation 7.2 - Formation of Row Vector for Operation 7.3 
Input 

The inputs to Operation 7.2 are the outputs from Operation 7.1, the total 
number of non-commuting students who are allowed to have automobiles, and the 
total number of commuting students, as used in Operation 5.1. 

The Operation 

This operation merely arranges the inputs for the performance of the 

next operation. 

Output 

The output from Operation 7.2 is the arrangement of the inputs for 
Operation 7.3. 

Operation 7.3 - Total Number of Student Parking Units On Or N ear Campus 
Input 

The input to Operation 7.3 is the output from Operation 7.2. 
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Decision Parameter 



The decision parameter for this operation is the percentage of non-commuti-ng 
students allowed to have automobiles who are to be provided with parking facilities L 

on or near campus. r 

The Operation 

This operation consists of multiplying the total number of non-commuting f- 

students allowed to have automobiles by the decision parameter and adding to this 



product thp, total number of commuting students. 



Output , . ... p 

The output from Operation 7.3 is the total number of student parking units |. 

on or near campus. £ 

Operation 7.4 - Formation of Matrices for Operation 7.5 

In P ut L 

The inputs to Operation 7.4 are the number of department (division) _ 

chairmen; the number of project directors in the research staff assigned to 1. 

each department (division); the number of professors, excluding the chairman, ■- 

in each department (division); the number of associate professors, the 

number of assistant professors, the number of instructors, in each department j 

(division); and the number of research staff, excluding project directors, assigned 

to each department (division). 

The Operation 

This operation arranges the inputs in a form suitable for the next operation. 
Output 

The output from Operation 7.4 is the arrangement of the inputs for performing 
Operation 7.5. 

Operation 7.5 - Total Number of Professiona l Faculty and Research Staff Parki j£ 

Units On Or Near Campus 



Input 



The inputs to Operation 



7.5 are the inputs to Operation 7.4 as arranged by 



Operation 7.4. 
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Decision Parameters 



The decision parameters for this operation are the percentages of the 
inputs to be provided with parking facilities, the department (division) 
chairmen and research staff project directors each being allotted parking 

facilities . 

The Operation 

Operation 7.5 consists of summing a.) the number of department (division) 
chairmen, b.) the number of research staff project directors and c.) the products 
obtained by multiplying the number of professors (excluding department chairmen) , 
the number of associate professors, the number of assistant professors, the 
number of instructors, and the number of research staff (excluding project 
directors) by the appropriate decision parameter. 

Output 

The outputs from Operation 7.5 are the number of parking units, on or 
near campus, for department (division) chairmen, research staff project directors 
professors, associate professors, assistant professors, instructors and research 
staff other than project directors. 

Operation 7.6 - Formation of Row Vector for Operation 7.7 
Input 

The inputs to Operation 7.6 are the number of administrative personnel in 
groups (1-5), as in Operation o.3. 

The Operation 

This operation arranges the inputs for the performance of the next operation. 
Output 

The output from Operation 7.6 is an arrangement of the inputs for use in 
Operation 7.7 

Operation 7.7 - Total Number of Administration Personnel Parking Units On O r 

Near Campus 

Input 

The input to Operation 7.7 is the output from Operation 7.6, the number 

o 
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of administrative personnel in groups (1-5) as there arranged. 

Decision Parameters 

The decision parameters for this operation are the percentages of the number 
in each of the administrative groups (1-5) to be provided with parking facilities 
on or near campus, with the parameter for those in groups (1-3) being 1. 

The Operation 

This operation consists of multiplying the number of persons in each group 
(1-5) by the appropriate decision parameter and adding the products so formed. 

• Output 

The output from Operation 7.7 is the number of administrative personnel 
parking units on or near campus. 



Operation 7.8 - Formation of Row Vector for Operation 7.9 
Input 

The inputs to Operation 7.8 are the outputs from Operations 6.4, and 4.40, 

i.e., the number of instruction and research connected secretaries and the number 

of the library staff provided with work facilities; and the total number of all 

% 

types of service employees, as in Operation 6.5. 

The Operation 

This operation arranges the inputs suitably for the next operation. 

Output 

The output from Operation 7.8 is an arrangement of the inputs for use in 
Operation 7.9. 

Operation 7.9 - Total N umber of Instruction and Research Connected Secretaries ' , 

Library Staff, Workers' and Service Employees* Parking Units 
On or Near Campus 



Input 



The input to Operation 7.9 is the output from Operation 7.8, the arrangement 



of the inputs to Operation 7.8. 



Decision Parameters 



The decision parameters for this operation are the percentages of the 
inputs to be provided with parking facilities on or near campus. 

The Operation 

This operation consists of multiplying each of the inputs by the proper 
decision parameter. 

O utput 

The outputs from Operation 7.9 are the number of instruction and research 
connected secretaries’ parking units; the number of library staff, provided 
with work facilities, parking units; the number of service employees’ parking 
units; all on or near campus. 

Operation 7.10 - Total Number of Automobile Parking Units On Or Near Campus 
Input 

The inputs to Operation 7.10 are the outputs from Operation 7.3, 7.5, 7.7, 
7.9, and the number of visitors' parking units on or near campus. 

The Operation 

Operation 7.10 consists of adding the several inputs to the operation. 
Output 

The output from Operation 7.10 is the total number of automobile parking 
units on or near campus. 

Operation 7.11 - Number of Parking Units On Or Near Campus for Students’ Motor- 
cycles, Motor Scooters, and Bicycles 

P M 

Operation 7.12 - Number of Bus Park ing Units On Or Near Campus 
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B. Parking Facili ties Nea r Living and Dining Facilities - Operations 7.13 - 7.20 



Operation 7.13 - T otal Number of Resident Students Allowed to Have Automobiles 

Input 

The inputs to Operation 7.13 are the output from Operation 6.1, the total 
number of students to reside in living fac ilities, and a new input, the total 
number of students to reside in living facilities but notpermitted to have 
automobiles. 

The Operation 

Operation 7.13 consists of subtracting the number of students residing in 
living facilities but not permitted to have automobiles from the total number of 
students residing in living facilities. 

Output 

The output from Operation 7.13 is the total number of students to reside in 
living facilities and permitted to have automobiles. 

Operation *7.14 - Number of Residen t S tudents* Parking Units Near Living and 

Dining Facilities 



The input to Operation 7.14 is the output from Operation 7.13, the total 
number of students to reside in living facilities and permitted to have 
automob ileS . 

Decision Parameter 

The decision parameter for this operation is the percentage of the number 
of students to reside in living facilities and permitted to have automobiles who 
are to be provided with parking facilities near living and dining facilities. 

Output 

The output from Operation 7.14 is the total number of student parking units 
near living and dining facilities. 
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Operation 7. IS - Formation of Row Vector for Operation 7.16 



Input 

The inputs to Operation 7.15 are the numbers of administrative personnel 
in groups (6-8), from Operation 3.3. 

The Operation 

This operation merely arranges the inputs suitably for the next operation. 
Output 

The outputs from Operation 7.15 are the inputs to this operation, arranged 
for Operation 7.16. 

* 

Operation 7.16 - Number of Administrative Parking Units Near Living and Dining 

Facilities 

Input 

The input to Operation 7.16 is the output from Operation 7.15. 

Decision Parameters 

The decision parameters for this operation are the percentages of each of the 
inputs to be provided with parking facilities near living and dining facilities, the 
persons in group 6 each being allotted parking facilities. 

The Operation 

Operation 7.16 adds to the number of persons in group 6 the products of each of 
the other two inputs multiplied by the appropriate decision parameter. 

Output 

The output from Operation 7.16 is the total number of administrative parking 
units near living and dining facilities. 

Operation 7.17 - Number of Service Employees* Parking Units Near Living an d 

Dining Facilities 

Input 

The input to Operation 7.17 is the total number of all types of service 
employees, as in Operation 6.5. 

Decision Parameter 

The decision parameter for this operation is the percentage of the total number 

of all types of service employees to be provided with parking facilities near 
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living and dining facilities. 

The Operation 

Operation 7.17 consists of multiplying the input, the total number of 
all types of service employees, by the decision parameter. 

Output 

The output from Operation 7.17 is the total number of service employees 
parking units near living and dining facilities. 

Ooeration 7.18 - Total Number of Automobile Parking Units Near living and 

Dining Facilities' 



Input 

The inputs to Operation 7.18 are the outputs from Operations 7.14, 7.16, 
7.17, i.e., the total number of student parking units, the total number of 
administrative parking units, and the total number of service employees' parking 
units, together with a new input, the total number of visitors' parking units, 

all near living and dining facilities. 

T he Operation 

This operation consists of adding the inputs. 

Output 

The output from Operation 7.18 is the total number of automobile parking 
units near living and dining facilities. 

O peration 7.19 - Motorcycle, Motor Scooter and B i c ycle Parking Units Ne ar 
— 1- - - Living and Dining Facilities 



P M 



Operation 7.20 

p’ 



- Number of Bus Parking Units Near Liv ing, and Dining Facilitie s 
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Symbols 



Parking Facilities On Or Near Campus 

N» = the total number of non-commuting students (from Operation 5.1) = 2 N^' 

q=l 

n' = the total number of commuting students (as in Operation 5.1) = N T - N| 
c 

pi — the percentage of N,J, allowed to have automobiles 

N = the number of non-commuting students allowed to have automobiles 

A 

r' = the percentage of to be provided with parking facilities on or 
near campus 

P = the total number of student parking units on or near campus 
S 

f = the number of persons in the research staff, excluding project 

i6 

directors, assigned to department (division) i, i = 1, 2, . . d 
(as in Operation 4.3) 

[F M, ]= the row vector formed from [F], in Operation 3.1, and f as specified 
lx7d 

in the following model 

r i = the percentage of the number of professors to be provided with parking 
3 

facilities 

r^ = the percentage of the number of associate professors to be provided 
with parking facilities 

r* = the percentage of the number of assistant professors to be provided 

5 

with parking facilities 

r’ = the percentage of the number of instructors to be provided with parking 

6 

facilities 

r’ = the percentage of the number of research staff, excluding project directors, 

to be provided with parking facilities 

[R^]= the matrix with elements 1, r^, r^, . . ., r^, as shown below 
7dx7 

P = for f = 1 2 . , 7, the total number of parking units for department 

f 

(division) chairmen, research project directors, professors, associate 
professors, assistant professors, instructors, and other research staff in 



this order. 
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[p F ] 

1x7 



n’ 



g 



,H » - 



III _ 



' N G ] 

1x5 

[R 1 

2 

5x1 



[ W 

lxl 



N' 

s 



.» » 



the row vector with components Pp, f - 1/2, . . 

= the total number of administrative personnel in group g> g = 1> 2, . . .,5, 
(from Operation 3.3) 

the percentage of n , the administrative personnel requiring only office 
facilities, to be provided with parking facilities on or near campus 
the percentage of n , the secretaries to administrative personnel in 
groups (1-4) plus secretaries in the secretarial pool, to be provided with 

parking facilities on or near campus 
the row vector with components n^ , n2> • • 



n. 



Ill -r I I I 



N 



w 



,ii - 



= the column vector with components 1, 1, 1, > r y 

= the total number of administrative personnel parking units 
on or near campus 

= the total number of instruction and research connected secretaries 
(from Operation 6.4) 

the percentage of N’ to be provided with parking facilities on or near campus 
= the total number of instruction and research connected secretaries' parking 

units on or near campus 

= the number of library staff to be provided with work facilities (from 
Operation 4.40) 

the percentage of N to be provided with parking facilities on or near 



w 



campus 



n' 



= the total number of library staff, provided with work facilities, 
parking units on or near campus 

= the total number of all types of service employees (as in Operation 6.5) 



>f I - 



the percentage of n^ to be provided with parking facilities on or near 
campus 
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e 


the total number of service employees' parking units on or near campus 


P 

V 


the total number of visitors' parking units on or near campus 


P T ‘ 


the total number of automobile parking units on or near campus 


P 

M 


the number of parking units on or near campus for students' motorcycles, 
motor scooters, and bicycles. 


P B ■ 


the number of bus parking units on or near campus 



B. Parking Facilities Near Living a ;d Dining Facilities 



N" ' = 

q 


the total number of students to reside in living facilities 
(from Operation 6.1) 


n w 


the total number of students to reside in living facilities but not 
permitted to have automobiles (new input) 


N iv 

q = 


the total number of students to reside in living facilities and permitted 
to have automobiles 


ll 


the percentage of N' " to be provided with parking facilities near 

q 

living and dining facilities 


p s ■ 


the total number of student parking units near living and dining facilities 


n" = 
g 


the number of administrative personnel in each group g, g = 6, 7, 8 
(Operation 3.3) 


[N-] = 


the row vector with components n^, n^, n^ 


1x3 




r" = 
4 


the percentage of n^ to be provided with parking facilities near living 
and dining facilities 


r 5* = 


the percentage of n to be provided with parking facilities near 

O 

living and dining facilities 


[RJ= 

3x1 


the column veu.or with components 1, rj' , r'' 


[ p '] = 
A 

lxl 


the total number of administrative parking units near living and dining 
facilities 


n' = 
s 


the total number of all types of service employees (as in Operation 6.5) 
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the percentage of to be furnished with parking facilities near 
living and dining facilities 

the total number of service employees' parking units near living and 
dining facilities 

the total number of visitors' parking units near living and dining 
facilities (new input) 

the total number of automobile parking units near living and dining 
facilities 

the number of parking units near living and dining facilities for 

students’ motorcycles, motor scooters, and bicycles 

the number of bus parking units near living and dining facilities 



The Models 



A. Parking Facilities On Or Near Campus 

Operation 7.1 - Number of Non-Commuting Students Allowed to Have Automobiles 

N A ■ ”i * r i 

Operations 7.2 and 7.3 - Total Number of Student Parking Units On Or Near Campus 




[Rj]= 

7dx7 



1 

1 



! o 

i. 



0 



i o 
i 

i o 



0 

0 



0 

0 



0 



0 0 
0 0 



0 0 

1 o 

1 0 



1 

0 

0 



0 

0 



0 

0 



r 3 

0 



0 

0 



0 0 
7dx7 



0 



0 



0 

0 

0 



o i 



o 



o 



o 



0 I 
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1x7 1x7 lx7d 7dx7 

Operations 7.6 and 7.7 - Total Number of Administrative Personnel Parking Units 

On Or Near Campus 



[»»•] 

1x5 




[n l n 2 n 3 n 


[R 2 ] 


- 


[1 llij" 


5x1 




5x1 


t P A ] 


- 


[N!.] x [R 2 ] 


lxl 




1x5 5x1 


Operations 


7.8 and 7.9 




>f f f 



] 



T 



- Total Number of Instruction and Research Connected 
Secretaries * , Library Staff Workers * , and Service 
Employees* Parking Units On Or Near Campus 



[P P P ] = [N* N n'] x diag [r" r" r"] 
sLe sws 123 

1x3 1x3 3x3 



Operation 7.10 - Total Number of Automobile Parking Units On Or Near Campus 



p = .p + /p + p + p + p + p + p + p\+p + /p + p + p\ + 

T S ( 1 2 3 4 5 6 l) A Vs L ej 

Operatior 7.11 - Motorcycle, Motor Scooter and Bicycle Parking Units On Or 

Near Campus 




Operation 7.12 - Bus Parking Units On Or Near Campus 



B. Parking Facilities Near Living and Dining Facilities 



o 

ERIC 



Operation 7.13 - Number of Resident Students Allowed to have Automobiles 

N iv = N'"- n, 

q q w 

Operation 7.14 - Number of Resident Students* Parking Units Near Living and 



Dining Facilities 



IV 

P* = N x r 
S q p 



Operation 7.15 and 7.16 - Number of Administrative Parking Units Near Living and 

Dining Facilities 



[NV ] = [n 6 n ? n g ] 



1x3 



1x3 



[R ] = [1 r»» r”] 
1 3 4 5 



3x1 



3x1 



t p ;i = i n g' ] x ir 3 ] 



lxl 



1x3 3x1 



Operation 7.17 - Number of Service Employees; Parking Units Near Living and 

Dining Facilities 



P* = n' x r'* 

e s 6 



Operation 7.18 - Total Number of Autom obile Parking Units Near Living and Dining 

Facilities 



p» _ p» + pi + pt pt 

*T *S A e v 



Operation 7.19 - Motorcycle, Motor Scooter and Bicycle Parking Units Near 

Living and Dining Facilities 



P' 

M 



Operation 7.20 - Bus Parking Units Near Living and Dining Facilities 
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Conclusion 



This report demonstrates one way in which the fundamental variables 
affecting requirements for certain types of physical facilities can be 
linked mathematically to form models of the facilities needs of institutions 
of higher learning. Application of the techniques of submodel 1 to historical 
data associated with a variety of Rensselaer's academic departments has 
indicated that this particular submodel is capable of satisfactorily re- 
producing past situations. This is the only one of the submodels which 
has been tested with any degree of thoroughness. Inasmuch as the other 
submodels are relatively less complex, their applicibility is determined 
much more by data availability than by the validity of the structural 
aspects of the models. 

In the process of constructing these models, a good deal was learned 
about the nature of the constraints on the model-building process. First, 
it soon became evident that there are serious limitations as to the types 
of facilities which can profitably be included in such a model. In par- 
ticular, the types of space which are only indirectly related to the demands 
generated by the major input to the system, i.e., the student, are extremely 
difficult to model in any meaningful way. Reference is made specifically to 
administrative space, and to a lesser extent, to research space. 

The model -building process also made obvious the extreme importance of 
the decision parameters. The models which have been developed highlight the 
fact that it is the controllable factors regarding how things aie done which ar 
of maximum consequence. The input data requirements are relatively small in 
comparison to the types and amounts of information required by the decision 
parameters. In fact, recognition of the role of the decision element in the 
modeling process may well be the most important contribution of this study. 



In general, the construction of the submodels has been found to be a com- 
paratively trivial problem; it is the general absence of the information 
required to form the bases for quantifying the decision parameters which 
is the major problem to be faced when developing an institutional model. 

It should be noted that models such as those presented in this report 
find their greatest usefulness because of the problems associated with 
quantification of the decision parameters In view of these difficulties, 
the ability to investigate the results of using a variety of values for certain 
of the parameters becomes necessary. The adaptability of such models to sim- 
ulation techniques is probably their single greatest advantage. 

The technique for translating the outputs of the submodels to square 
feet which is explained in the appendix is a logical extension of the basic 
report. The technique represents a novel approach to this particular problem 
and carries out the philosophy that the user and his requirements determine 
space needs, the philosophy which has been maintained throughout this report. 

It is recognized that nothing contained herein is a final answer to the 
problems associated with modeling educational facilities needs. In fact, 
further development of these models is presently in progress. If this work 
serves as a valid point of departure for further development of such models; 
this project will have been an extremely useful exercise. 
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INTRODUCTION 



the purpose of this oppendix 

The foregoing presents a model which can be used to project university facility needs. 
By adding information about his own situation and by writing many of his own "rules"/ 
the individual user can translate this situation into space needs. Through repeated 

iterations, he can simulate the effectof changing conditions on his requirements for 

. , **'<'** 

space . 

Thft common denominator of campus space is square footage: the ultimate objective of 
the model is to translate people and curricula into square foot requirements; using cur- 
rent cost formulas, the user will then be able to make Hie move from area to cost. 

The outline model presented in the main body of this report manipulates students, pro- 
grams, instructional approaches, departmental profiles, and other factors into the sta- 
tions required for various activities — the number and type of instructional stations. 



faculty office stations, housing stations, and so forth. What is required next is to trans- 
late these "units of space demand" into space itself. 

This translation is not an easy one. There are many existing approaches, and most of 
them suffer from flaws of one kind or another. The purpose of this appendix is to de- 
velop and illustrate a rational technique for making this translation from "stations" to 
"square feet" . 

the contribution 

if is important to clearly state the thrust of this appendix. It will be shown that exist- 
ing approaches to "planning factors" are subject to question. Based on our mistakes to 
date, an improved approach to making the translation will be investigated. One sub- 
model proposed in the text of the report will then be carefully examined as a case 
study . 

It is at this point that the appendix must stop. Limited resources suggest that the great- 
est contribution lies in a pilot effort of some depth, rather than an all-inclusive approach 
which simply averages some of the currently-used planning standards. It is hoped that 
enough material — both theory and application — is presented to lay the groundwork 
for an effort which would appropriately derive all the necessary planning approaches 
and space factors. 

% 

using the model: two "modes" 

Before any attempt is made to begin the translation from "stations" to "square feet". 
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it is important to briefly analyze how a university may use the proposed model . Whil 

it is possible to apply many labels, it is suggested that the model may be used in two 
general ’Vnodes" : 

o THE LONG-RANGE BUDGETING MODE, where it is desirable to ; 
translate the given inputs into very large "pools" of space. In long- 
range planning, we may be interested in determining the overall size 
of a campus or of its academic/administrative entities (schools, col- 
leges, offices, departments, etc.). We may wish to further divide 
this *pace by broad functional categories: instructional, office, re- 
search, etc. We are not interested, however, in buildings unless 
they conform directly to academic/administrative or functional 
categories (i.e., a "chemistry building" or a "research building"), 
and we are certainly not interested in individual rooms at this point. 

o THE SHORT-RANGE PLANNING MODE, where it is necessary to 
take, a closer look at space and to allocate it to the institution's 
academic/administrative entities and to the specific people or ac- 
tivities within those entities. 

Of course, there is no firm point at which a user crosses from one mode to the other; 
sometimes he may be operating within both at once. There are, however, differences 
which will become significant . The user will demand more accurate and more refined 
data in the short-range mode; correspondingly he will be able to answer the detailed 
questions required to get this information. In short, the model’s appearance to the user 



will change as he moves from long- to short-range planning, 
making the tra nslation: two issues 

No matter which mode the user may be in at any moment, his use of the model to trans- 
late "stations" into "square feet" will involve two heavily interrelated issues: 
o A DECISION PATH; or a series of questions which he must answer. 

As the questions are asked and answered, the model will be able 
to zero in on an appropriate, 

o AREA STATEMENT which will actually complete the translation. 

Again this dichotomy is more than academic . It will be shown that there are no single 
"factors" translating activities and philosophies into statements about area required. • 
An area statement becomes valid only after the user has traversed a maze which ex- 
plicitly leads to that factor. As will be seen, the maze may be simple and straight- 
line, or it may be complex and loaded with turns and switchbacks. In any case, area 
statements are suggested only after user and system commonly decide what is needed to 
do the job. 

These issues cannot be easily separated. The determination of the area statements will 
depend on the process used to create them in the first place, and conversely, the ques< 
tions asked each university must be relevant in terms of the factors to be applied: why 
ask a question if the answer makes no difference in terms of square footage? 



the decision path 



The decision path (or questions to be answered by the individual user) depends entirely 
on the general space type under consideration. A decision path for one of the pro- 
posed submodels will be developed later in this appendix. As suggested above, the 
decision path can be developed only with an acute awareness of, 

o what decisions are relevant in terms of influencing space needs, and, 
o in what order decisions should be made. 

the area statement 

While the development of the decision path depends on an awareness of human activi- 
ties and educational and administrative policy in manipulating these activities, the 
derivation of a translating statement assumes that (1) these activities and policies do 

influence space needs, and that [ 7 .) this "influence" can be measured in terms of 
square feet. 

These determinations are not easy. First, there is not even an accepted methodology 
for making them. Looking at the model already presented, for example, one can see 
thot in making the initial calculations for the number of office or instructional sta- 
tions required, traditional "rules" can be followed; master schedules can be examined, 
departmental profiles can be created, and so forth. There is little there which is not 
within the realm of accepted practice; the challenge is in doing the job simply and 
effectively. Questions revolve around ease of use, simplicity of input, and develop- 
ment of simulation techniques. In no case is the actual methodology a problem. 
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Such is not the case when making the translation from the number of stations involved 
to the area required by these stations. 

One approach is, of course, to Create a simple "factor" which is used as a multiplier: 
"a lecture hall should be planned on the basis of 13.6 (or whatever) square feet per 
station" • The temptation in working with a model such as the one presented here is 
to simply "apply" this factor (often called a planning standard) . There are many of 
these planning standards in force, and recent experience has often dramatized their 
inadequacies. An analysis of many educational buildings will quickly reveal that 
what is really happening rarely coincides with what was planned to happen. Lecture 
halls carefully programmed for 120 students wind up with 98 seats; 2 laboratories, both 
programmed for 20 stations and both of the same area, house 17 and 24 stations res- 
pectively; faculty offices of the "appropriate" size turn out to be too small; there are 
dozens of oth*r misfits in most of our university buildings. 

Why? Why do planning standards often produce these misfits? There are a number of 
reasons, all of which should be carefully examined in order to put the translation pro- 
cess into perspective: 

1 . What actually happens in spaces may not be reflected in their 
labels. 

2. What actually happens in spaces may no 7 je reflected in their 
planning standards. Too often the standards are developed on 
someone's ideal rather than on a careful analysis of human ac- 
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tivity in space. 



3. Area requirements do not assure efficiency of layout. Identical 
floor areas may not be equally usable due to differences in cir- 
uulation or because of variations of furniture and equipment lay- 
out, location of doors and windows, protrusions into the room, etc. 

4. While planning standards are carefully derived for the parts of the 
building, there may be no real relation to the whole. Too often 
space conserved within rooms is used up in corridor area getting 
to the rooms. Our preoccupation with "net" areas often ignores 
the fact that the "net-to-gross" conversion ends up wasting space. 

5. Area requirements are not strictly products of the two-dimensional 
space required for human activity. The quality of the environment, 
physical and visual access to other spaces and to the outdoors, height, 
and several other factors all color oOr reaction to the amount of space 
needed . 

6. Planning standards often reflect influences which are not strictly 
functional in nature. Offices, for instance, are often sized by 

the position or rank of the occupant rather than his actual area needs. 

7 . Existing planning standards may not take new educational philoso- 
phies and human activity patterns into account. Hence many plan- 



o 



ning standards are mistakenly applied in building programming. 



If these flaws in current planning standards are so obvious, one can reasonably ask why 
they haven't been improved. 

First, only recently has the architectural profession become interested in the study of 
human activities and human environmental needs. Consequently there are no ’'accepted 
practices" or methodologies in this field. 

Secondly, the measurement of human needs and their implications for physical environ- 
ment assumes a link between activity and environment. While we all suspect that this 
link exists ("We shape our buildings, and thereafter they shape us"), it has not been 
proven in any measurable terms. This "proof' necessarily requires co-operation among 
architects, psychologists, sociologists, and others concerned with human behavior and 
activity. These multi-lateral ventures have only just begun. 

Because there is no real measurement methodology and because there are so many fac- 
tors involved in developing space planning criteria, past approaches fall squarely in 
the survey-and-consensus category. Existing space use is surveyed in statistical terms, 
and the statistics are then massaged into planning standards. There is (or can easily be) 
no real analysis of human cctivity in space and human reaction to space. After we have 
built many buildings with our planning standards- we usually compound our original er- 
rors by including the new spaces in our new survey-and-consensus. In this way untested 
assumptions become standards through repeated use, and new surveys merely confirm 
their acceptance. 



I 
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A CASE STUDY: OFFICES 

I 

1 

i 

I 

the n eed to limit the study 

The foregoing report presents the outline of a facilities projection system in five major 
areas: instructional space, office space, research space, library space, and housing 
and dining space . 

i 

A full translation of each of these "submodels" into square footage planning factors is 
impossible. As has-been suggested, there is little accepted methodology for determin- 
ing space factors, and methodology has to be derived-as-you-go . With a few short 
weeks and a limited budget, it was felt that a deep penetration into one area, rather 

f 

l 

than a shallow assault on all areas, would best serve the ends of the study. 

i 

One submodel — office facilities -- has been selected for further study. It is hoped 
that this exploration in depth will not only provide some valid answers, but that it will 
also point out weaknesses ih traditional approaches to space planning factors. Perhaps 
it can serve as a prototype fdr the kind of studies which would have to be launched for 
the other submodels. 

why offices? 

The selection of the office submodel for this case study was not made spuriously . There 
were several contributing factors; 

1 , Compared to many university facilities, the office is relatively "uncomplex" 
(note the use of this word in the place of "simple") . This is important where 
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time is short and resources limited. 



2. Its very "uncomplexity'’ has allowed many interested in facilities planning 
to consider it trivial . Hence the college office is relatively unstudied. 
This allows room for fresh thinking. 

3. The office is well within the realm of the investigators' experience. This 
precludes the need for long and detailed familiarization. 

4. Traditional space planning Standards for offices do not adequately reflect 
the patterns of human activity within them. Most square footages are de- 
rived from survey-and-consensus approaches; these simply perpetuate the 
existing rank-sized office scheme*. 

y 

5. The office submodel in the system proposed in this report is relatively well- 
developed. It is in a form which easily allows the addition of the "deci- 
sion-path" in order to make the translation to facilities. 

Each of these points is significant. The unique combination of these facrors noted here 

was not available when the other four submodels were examined for in-depth study. 

Either they were too complicated, too fraught with subtleties and nuances for what 

must amount to brief study, too well studied (with invalid approaches and misleading 

results), orthemodel was simply not yet in a form which allows smooth translation into 

space factors. The office seems to, above all, pose the prospect of a fresh new look 

without undue reliance on traditional survey-and-consensus attempts. 

*Th is is not to suggest the rank-sizing of offices is invalid; indeed an individual college 
may wish to do it this way . Ifitdoesnot, however, the appropriate planning factors do not 
exist. 
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approaching the case study 

' \ 

The case study will be limited to "offices'* — that is, the "office" needs of professional 

faculty, adjunct faculty, research staff*, administrative and clerical personnel . There 

t 

are times when some of these occupants will be singled out for emphasis, but the activity 

> i 

andlysis, the decision paths, and resulting space factors will be designed tq accommodate 

i % ' 

I 

them all. ! 



what is an office? 

When asked this question; most people conjure up images of walls and desks and chairs 
and files — the physical artifacts which do indeed comprise an office. More important 
than any of these things; however, are the activities which are undertaken there. Of- 
fices are places — not places for desks and shelves, but places for working, reading, 
meeting with people, research, accounting, and the hundreds of other activities which 
when summed are the university. 



What an office "is", then, is a product of the activities it houses. For this reason, any 
effort to convert stations and people to square feet must necessarily be built around 
their activities. It is with these activities that we shdll begin the presentation of the 
case study . 



the range of activities 

The range of activities that members of the faculty, staff, and administration undertake 
in offices and office-related spaces is indeed a very broad one. For purposes of illus- 

*Research laboratories are considered separately (in submodel 2) and thus are not part 
of this appendix . 
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(ration, an imaginary professor has been created, and a diary of his activities is pre- 
sented as Figure AT . From the diary, several points can be noted, 

1 . Professor X does indeed undertake a wide variety of activities . 

2 . All of these activities require physical accommodation of some sort . 

3 . Many of these activities take plc~e in offices, but many others take place 
in office-related spaces. 

4. Any model attempting to project space needs will have to accommodate 
both office and office-related activities. 

This last point is particularly pertinent, the office submodel will inevitably deal with 
activities which are office-related as Well as strictly office-housed. Some activities 
may be in either category; a small-group conference activity, for instance, may take 
place within an office or Within a conference room . The ultimate square footage re- 
quired will indeed depend on where it takes place, the kinds of privacy needed, the 
ability to share space with others engaging in similar functions, and a number of other 
factors. The model should recognize these influences. 

listing activities 

Using this activity-oriented approach to generating space needs, the first step is to li 
the kinds of activities which may be undertaken in office and office-related spaces. 
No matter who the occupant is, these may include. 
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PJARZ OF PROFESSOR X 



[activity) 


[place] 


[accommodation in modd ) 


Park can; walk to office area 


parking lot , 


pottible future tubmodd; 


Inform tecrdary of pretence 


corridor* 


net-to-gro** convention 


denied office 


office tubmodd 


Shad coat and outer w nap 


wardrobe 


office Autimodd 


Pick up a cup oi coffee 


workroom 


office tubmodd 


Meet four colleague* In a 




• 


committee, teuton 


conference room 


office tubmodd 


Finith meeting ; ditcut* ittuet 




with a colleague 


hallway 


too informd to include 


Pick up morning mail 


denied office 


office, tubmodd 


Violate retpontet to mail 
Give dictation and inttructioA* 


office [de*k) 


office tubmodd 


to tecrdary 


denied office 


office tubmodd 


Attemble retource* and note* for 


office [detk. 


i 


da** pAe*entation 


file*, * helve * ) 


office tubmodd 


PnepaAe drawing for handout 


office [table] 


office tubmodd 


Vuplicate material* for handout 


workroom 


office tubmodd 


Meet da** 


dattroom 


inttrudiond tubmodd 


Vi* cut* with *tudent* after da** 


hallway 


too informal to include 


Meet teminar gaoup in office 


office [teating 






area) 


office tubmodd 


A newer telephone 


office [detk] 


office tubmodd 


Count el an individual Atudent 


office [teating 




area) 


office tubmodd 


Eat lunch 


office [detk] 


office tubmodd 


Interview a pAotpedive faculty 


office [teating 


membeA 


area) 


office tubmodd 


SupeAvite a AeteoAch expeAiment 


laboratory 


retearch tubmodd 


Undertake a bibliography teanch 


office [detk, 




a* part of project 


file*, thelvet) 


office tubmodd 


Vitau* ttatu* of project with 


office [teating 


a**i*tant* 


area, blackboard) 


office tubmodd 


Grade paper* and tabulate 


office [detk. 


Attend a departmental faculty 


calculator) 


office tubmodd 


meeting 


conference room 


office tuumodd 


Relax and Aead 


office [teating 


Leave for the day l 


area; detk) 


office tubmodd 



Figu/te At i A "PIARy” OF A FACUlTy MEMBER’S ACTIVITIES 
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(individual) 


(group) 


thinking 


reception 


reading 


counseling 


writing 


interviewing 


telephoning 


seminar 


dictating 


committee meeting 


grading 


personal dictation 


problem-solving 


display 


calculating 

typing 

drawing 

drafting 

collating, binding 
filing 

retrieving materials 

eating 

relaxing 

storage of wraps 


storage of wraps 



These lists ore certainly not all-inclusive; nor do they need to be. Nor furthermore, 
do all officeholders undertake each of these activities; the listing for a Dean would 
certainly differ from that of the Purchasing Agent and that of a research secretary. 

The important thing is to realize that space requirements come from a certain know- 
ledge of what will be undertaken in that space, and that "office" is far from a unilat- 
eral term with one single set of facility implications. 

grouping activities by their space implications 

As interesting as activity lists may be, they cannot be directly translated into square 
footages. A telephone takes up space, for instance, but it usually sits on a larger en- 
tity called a desk, which also tckes up space. Because they take up the same space, 
it is not accurate to simply associate a square footage with every activity and then 
look at an office as a summation of those figures. 
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This suggests a grouping of activities into "zones" . These zones, if properly created, 
will not only take up space, but will take up a definable amount of space. The activity 
"zone", then, is a most useful concept — a concept which allows the translation from 
office activities to required office space. 



Creating these zones is not an easy task, and certainly further analysis of office acti- 

f 9 

* # 

■ { 

vities will be needed to develop a truly useful list. A first attempt might include the 
following zones, 

< 

ZONE A: DESK, including thinking, reading, writing, telephoning,- 

machine dictation, grading, desk problem-solving, calculat- 
ing, typing, drawing, filing (below desk files), eating, relax- 
ing, and other desk-oriented activities . I 



ZONE B: ADJUNCT WORK TABLE, including writing, reading, grading, 

problem-solving, calculating, typing, collating, binding, and 
other activities performed at an adjunct work surface. 

i 

ZONE C: SHELF STORAGE, including storage and retrieval of materials 

from shelving * 

ZONE D: FILE STORAGE, including storage and retrieval of materials 

from various types of filing devices. 

ZONE E: WARDROBE, including storage and retrieval of coats, wraps, 

etc . 

ZONE F: INDIVIDUAL CONFERENCE, including reception, counseling, 

interviewing, personal dictation, discussion, and other one-to- 
one conference activities. 

ZONE G: SMALL-GROUP CONFERENCE (2-4 people), including recep- 
tion, discussion, and other small -group conference activities. 



ZONE H: MEDIUM-GROUP CONFERENCES (4-10 people), including 

discussion^ display, and other medium-group conference ac- 
tivities. 

ZONE I: LARGE-GROUP CONFERENCE (10 or more people), including 
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discussion, display, and other large-group conference 
activities. 



In addition to these nine basic types of activity zones, it is possible to list three addi- 
tional "special" activity zones, 

ZONE J: SPECIAL WORK, including work areas for office activities 

not included in Zones A and B. This would include draft- 
ing activities, computer terminals, blackboards and as- 
sociated access activities, duplicating and copying, and 
others. Special laboratory stations would have to be de- 
termined in conjunction with the Research Submodel . 

ZONE K: SPECIAL STORAGE, including storage activities not speci- 

fically referenced in Zones C through E. This would/in- 
clude storage of special materials, office supplies, etc. 

ZONE L: SPECIAL GROUP, including accommodations for group 

activities not included in Zones F through I. This would 
include staff lounges, special reception areas, and any 
other meeting areas which are office-related but not in- 
cluded in the instructional or research submodels. 



sizing these zones 

In order to size these zones, it is quite clear that each will have to be individually 
examined. It is also clear that the approaches to sizing will have to differ between 

the first nine "basic" activity zones and the last three "special" activity zones. Figure 

♦ 

A2 will serve to clarify just what each of these zones is, and how each might translate 
into square feet. 

For each of the twelve proposed activity zones, a number of "example alternatives 
have been provided. There is no clue to their accuracy, and certainly these figures 
cannot be taken for granted. The following methodology is proposed for determining 
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ZONE As DESK 



activities: thinking , wading, unit- 
ing, telephoning, machine dictation, 
grading, pboblem- wiving, cal c ulating, 
typing, drawing, undeb-desk filing, 
eating, belaxing, etc • 

size vabiablzs: position ob occupant; 
mount oj b a talking s pace abound, the 
desk, 

dedication: usually not shabed* 

compatibilitu: may ob may not be 
combined with otheb activity zone s* 

exam ote alternatives : 3 one shown. 



A-J - 25 SF 



3.5* 2' 

2 0"i 

S'! 1 -"! ! 




3.5 J 



i +• 

I I 

I i 



! L— 4 A-2 - 45 SF 



4- 



A-3 - 90 SF 



3’ V 3' 









10HE Bs ADJUNCT WORK TABLE 

activities t uniting, beading, gbad - 
ing, pboblem-solving , ca l culating, 
typing, collating, binding, etc • 

size variables t what it is used bob 
and how important adjunct wobk space 
is to the obb^Joe holdeb; combination 
with otheb zones • 

dedications usually not shabed • 

cmvatibilitu: may ob may not be 
combined with otheb activity zones • 

example alternatives : 3 abe shown » 




Figure A2s POSSIBLE ACTIVITY ZONES 



ERIC 
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ZONE Ci SHELF STORAGE 



C-1 - 16 SF 



activitied: dtonage and netnieval 
cj A halved matenJjald, mateniald in 
dhelfi-dized cabiietd, etc. 




dize vaniabled : the numben ofi tin- 
ea! %ee£ol dKelving l projected on 
tint filoot t). 

dedication: may on may not be 4 honed. 



t' 



I 1 III llsli : 


• .4 


>1 


1 

1 


y \ 


1 

1 




-1 



02 - 32 SF 



compatibitity: not .accomodated dep- 

anately unledd decunity dictate 4, on 
unle44 a 4epanate "libnany" id need- 
ed , 



IV 





03 - 48 SF 1 'p— ~ _ 


HI 


example attennatived t 3 one dkown, 

i 


3 r ! * 

3 L 


1 

1 

1 

1 



ZONE V: FILE STORAGE 



activitied: 4 to nag e and netnieval 
ofi matvvLaJU finrn vanioud type* ofi 
fitting deviced, 

dize vaniabled : dependd on the type 
and numben oj dtonage unit4 , One 
appnoach i4 to addme 4 tandand up- 
night fitted, and adk uden to "tnand- 
Jtate" hid fiile nequinementd in tenmd 
ofi thede , Extna iange unitd may 
quatifiy ad Special Stonage ( Zone K) , 

dedication: may on may not be 4 honed, 

cjmpatibitity: depanate accomoda- 
tion only fion decunity on dead dtonage, 

example attennatived : 3 one dhomj 

uden may tnandlate Kid needd in tenmd 
ofi thede on add hid oun. 



\ 7-1 - 20 SF 





V-2 - 40 SF 



J 


L 






• i 




□ 


r 


1 ( 


1 


i 


l I 


iii* 



V-3 - SO SF 



l i i i i < i i l 
^__i )_ j_ j l_ -J — 1_4 



PiguJit Mt POSSIBLE A CTIV1TV ZONES ( continued I 
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ZONE E: u/AROROSE 

activities s stonage and netnievai 
ol coa£f~MA-P* , ovens ho es f etc. 

vizi va/uMbiesj nmmben c£ usens; 

Type, Cji “tTonage. 

dedication* m ay on may not be t honed* 

compatibility s usually sepanated 
~picm othen zones Un utandnobe on 
closet) , 

example altennativzss 3 ana shorn. 



V 






I 




S ST 



E-5 - 10 ST 





j 

ZONE F? lmyiVUM- CONFERENCE 

activities s ieceptu>rt visltons, 
coi mseung, ilUenvieudng , pensona^ 
dictation, discussion and othe A one- 
to-one situations. 

tin vaniables s uhethen one. on tivo^ 
chain* ant pnpvided [combination mtn 
otheA" activity zones MX Mist in 
dictating,, thlf ) ; annaiigement and pno- 
vision o£ tab'fe* 



dedications jisually not s honed. 

compatibility « doc .6 wc£ usually ne 
qulnesepandte accommodation inom 
othen activity zones . 



»vmnp/.p. aJUeAnatives: 3 a*e Ahom. 




W 



Tigune Ms 



POSSIBLE ACTIVITY ZONES { continued ) 



ZONE G: SMALL-GROUP CONFERENCE 



G-1 - 23 SF 



activities : reception e{ visitor it, 
couhteZZhg, interviewing , comnittea , 
and other sitdatiom where 2 to 4 
people participate. 

il ze variables : number of people 
involved; arrangement of furniture; 
whether or not a table It Involved; 
combination with other zona. 

dedication : may or may not be 
JFuvEeeT. 

compatibility : may or may not re- 
quire separate accommodation from 
other zona. 

example altemativa : 3 are thorn. 



4.5' 





ZONE Hi MEV1UM-GR0UP CONFERENCE 

activities ? discussion and meeting 
aetivJLtXa ; involving 4-10 people. 

t 

tize variabla : number and arrange- 
ment of participants; occasionally 
combination with other zona . 

dedication: usually shared [except 

wfiere cTJJcce holders are Important . 
enough to warrant their owr. medium- 
group conference areas.) 

compatibility : usually accommodated 
separately from other zona. 

example alternatives : 3 are shown; 

It may be possUoZe to replace thae 
by a sliding scale of factors which 
vary with the number of occupants. 



IV 

H-1 - 140 SF | 




i 



L 




H-3 - 200 SF 16. S’ 



12.5 ’ 



XX_ 



C 
C 

C » 



Ftgu/lfe Ait POSSIBLE ACTIVITY ZONES t continue. d ) 
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1-1 240 SF 



ZONE J: LARGE-GROUP CONFERENCE 

* diAcuAAion and meeting 
actZvZtZeA fat t 10 OX moXe people, 

Aize vaxiableA : numbex and axxange- 
mnt ol paxZtcipantA. 

dedication : almoAt alwayA Ahaxed, 

compatibxJUt if : uAual l y accotrmo dot ed 
Aepaxately faxom othex zone*, 

example altexnativeA: 3 oa aIiomi. 



ZONE 3: SPECIAL WORK 

dCtcV'itx.eA : 100 Xk. CLXdd £oX O^fiice QJC - 

not in Zone* A ox b t Auch oa 
dxa^ting, blackboaxd and accent, com- 
puttx texminal, copying machine , etc, 

Aize vaxiableA : depend* on type and 

amount Oq equipment ox juxnituxe in- 
volved; impoxtance o£ special wxk 
Atation to ofaice holdexA, 



1 2 1 




20 




1-2 - 320 SF 



2V 




i 



dedication : may ox may not be com- 
luned uUth othex activity zone a. 




3-2 - 40 SF 



compatjbxXit if : may ox may not be ac - 
commodated Aepaxately 0 ' xom othex zone*. 



example altexnativeA : a genexal Ae- 

lection o£ "AizeA" would be pxovided 3-3 - 60 SF 

uUtk the individual uAex A electing 
l ox cheating) to Auit hi a need a. 



Figuxe A2: POSSlbLb ACTIVITY ZONES ( continued ) 
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Z ONE K: SPECIAL STORAGE 



K-1 - 15 SI i 



activities: special storage activi- 

tick not included in Zona C-E, tuck 
as oiiiee 6 u.ppJU. 2 A, special equip- 
ment, etc.* 

size variables: depends on type, and 

mom^ol m£&Jjal stored, 

dedication: may ok may not be com - 
bined with other activity zones, 

compatibility: usually accomodated 

6 eparately jj tom otkeA zoneA , 

example alternatives : A general se- 

lection oJ nr Sizes n would be pKovided 
Milk the individual user 6 electing 
l ok cKeating) to 6uit kiA needs. 



— i 



i 

4 -- 



I 

I 

I 

-l 




-t 



K-2 - 35 SF 



i -i 



r 



K-3 - 70 SF 






ZONE L: SPECIAL GROUP 

activities : accommodations £or gKoup 

activities not included in Zones F-l, 
but which one still o^ice- oriented; 
suck as sta lounges, special recep- 
tion and waiting aKeas, etc, 

size variables : depends czcirely on 

special acUvities pKo posed by useK, 

dedication: may OK may not be com - 
bineduiUk otkeA activity zones, 

compatibility : may ok may not be ac- 

cormodated With otkeA zones. 



L-1 - 60 SF f 



4 - 



1 




L-2 - SO SF 



— r 



example alternatives : A general se- 

Tecujoh ob ".i'tzeV 1 would be provided 
witk tke individual user selecting 
[ok c Keating) to suit kis needs, 

L-3 - 130 SF 



I 



Figure Alt POSSIBLE ACTIVITY ZONES ( continued ) 
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more accurate sizes, 

1 . Paper designs, such as have been illustrated in Figure A2, should be de- 
veloped as hypotheses. 

2. Existing office spaces should be divided into activity zones such as pro- 
posed here, and the zones should be measured. This will undoubtedly 
create many more "example alternatives" for each zone than are proposed 
here. 

3. The "example alternatives" should be carefully examined, and where 
they can be combined, they should be. The s* tern should face the 
user with as few choices as are possible without seriously limiting his 
flexibility of use. 

combining the activity zones into space 

It is highly unlikely that any individual office holder will simply require one activity 
zone; most will require some combination of zones to house their specified activities. 
This means thdt the individual zones will have to be summed in some way to create a 
square footage for that officeholder. 

This summation will not always be one of simple addition. Consider the case of faculty 
member X who requires a moderately-sized desk and adjunct work station. As can be 
seen in Figure A3, the two selected activity zones (A2 and B2) total 85 square feet. 

If they are combined as shown, they require 60 square feet of space to accommodate 




A-2 + B-g • 65 Sf 



Wfien two activity zona, at te combined, the. tie.quiA.ed oaqa u not always 
to be iound by simple addition » Simply adding the. Aequ^Aed squaAC 
iootane. ioA A2 and B2 suggests that iS si it nzqwu <dt as seen below, 
ImtawmgmwU may KtqdiM.Uii. In the examplt aiuumyrnent, only 
60 si atie tiequined to accommodate. A2 and 82 aji combAnatcon, 




A- 2 ♦ B-2 • 60 SF 



UguAC A3: OVERLAPPING ACTIVITY ZONES 



them . 



This overlap comes from a basic assumption that one must include some circulation area 
in each of the activity zones — it would be impossible to walk through an office crammed 
full of working and storage areas. As the various activity zones are combined, though, 
much of this circulation area overlaps and can be done away with. 

How then does one accommodate this overlap? This is a question which requires a good 
deal of experiment and study. It may (or may not) include considerations of, 

1 . SPACE EFFICIENCY. There are any number of ways to physically combine 
activity zones. Some will take less space than others; some will take more. 
We cannot always deal with the very most efficient layout, however, for in 
doing this it is highly likeJy that we will place demands on adjacent ele- 
ments which are so stringent that they cannot be met. As an example, it 
may turn out that offices for activity zones A2, B2, Cl, Dl, and El are 

t 

most efficient if they are 10' x 12' . It is not always possible to endow every 
office with. this "optimum" configuration without causing unreasonable in- 
creases in hallways, secretarial space, etc. In essence, not every space 

* $ 

in a building can be equally efficient. 

! 

2. COMPATIBILITY. Two activity zones can be overlapped only if they can 
indeed exist side-by-side. If it is necessary to provide a Dean's work table 
in a separate room where his visitors cannot see it, it is unrealistic to fi- 
gure (m overlap with his desk (which is not in the same room at all) . 
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3. DEDICATION . If an activity zone is not dedicated to a single user, then 
it may create implications for housing that zone: it must be accessible to 
every shareholder. This need for accessibility may affect compatibility 
between two zones and therefore the amount of space required. 

4. PRIVACY. As one begins to combine activity zones and then place them 
in rooms, issues of privacy begin to appear. If any particular activity must 
be accomplished in a private fashion, this will begin to say things about 
compatibility of activity zones and where they must be accommodated. 

The impact of all of these factors on square footage is not easy to assess. For this rea- 
son, :t is necessary to outline one approach to combination. Following this, it will be 
necessary to carefully test and modify the approach as necessary. 

The approach selected will be illustrated in some detail in the next section of the ap- 
pendix. Briefly it revolves around selecting a relatively limited number of activity 
patterns, and then using the professional judgment of the systems developers to come 
up with various arrangements for these patterns. The arrangements are averaged, and 
the resulting square footage becomes an area statement associated with that pattern. 

A technique for allowing variations in the basic patterns is also included. 

What this approach generally avoids is the issue of rooms: it treats space as just that 
— space with no walls around it. It is hypothesized that the resulting loss of accuracy 
will not greatly damage the usefulness of the area statements — as they will be reliable 
as the rest of the information used to run the system! The last section of the appendix. 
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among other things, explores some considerations relating to "rooms" and outlines an 
approach for determining the impact of "rooms" on the area statements which will be 
initially placed in the system. 






THE FRAMEWORK 

introduction 

This section of the appendix attempts to carefully present a framework which will ac- 
complish a translation from "people" and "departments" and."activities" into area pro- 
jections and requirements for budgeting and planning office facilities. 

The tag "framework" is important. Since a general methodology for translating activi- 
ties into space is generally lacking, it is the approach or the rationale which is impor- 
tant at this point. When it comes to the data needed to fill in parts of the framework, 
some of it comes from the user, and some of it resides in the system. 

In terms of future research, it is the data which resides in the system that must concern 
the developers of the system. After the framework has been presented, the last section 
of the appendix will take up the question of this data and where it will come from. 

a two-stage approach 

The framework has been established as a two-stage operation. In the first stage the 
user initializes the system by inputting certain data about his institution; and then he 
and the system work together to jointly develop rules and techniques for determining 
activity patterns and assigning space within the institution. This stage is called "in- 
itialization" because a user will not have to repeat the process every time he uses the 
system. He may wish to refine it or take it to greater depths of detail as he continues 
to use it, but he will not have to regenerate basic data over and over again. 
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Once the system is initialized, it can be used in its second stage: space projection. 
Whether this projection is for long-range budgeting or short-range planning depends 
entirely upon the depth to which the user wants to go in generating detailed informa- 
tion about his institution. This will be more carefully analyzed after the framework 
has been presented . 

the initialization stage 

The initialization stage is particularly important. Since area statements for office and 
office-related facilities relate closely to the activities housed in these spaces, it is 
necessary that the system receive a picture of the user's institution, the kinds of office- 
holders, and some general rules for assigning space to these people. Because office- 
holders and space assignment guidelines will vary from institution to institution, it is 
impossible to pre-store them in the system. 

Initialization cannot be a random process. The system needs this information to appro- 
priately retrieve and assign area statements stored within it. Consequently, the system 
has a responsibility to guide the user through this stage. 

Once initialization is reasonably completed, the system can be said to be personalized. 
It will reflect not only the administrative structure of the user, but also the policies 
used to assign space to people and academic/administrative entities within his institu- 
tion. 

Most users will go through this process once, and then use this as a point of departure 
whenever budgeting and planning are undertaken. Certain users, however, may wish 



' o 
ERLC 
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to only partially initialize the system at the outset, reserving the right to complete the 
job each time the system is used for space projections. Still other users may choose to 
undertake initialization and space projection at one sitting. The option lies with the 
user. No matter which approach he uses, it is important that he understands one point: 
in initialization lies most of the basic planning decisions about office-holders and the 
assignment of space to them. This stage must be approached carefully and with a good 
deal of thought. 

The initialization stage generally consists of two efforts: the determination of office- 
holders, and then the development of activity patterns and space assignment rules for 
them o 

The number and type of office-holders have been generated in Operations 3.1 to 3 .5 of 
the main portion of the model . Operations 3 .6 and 3 .7 shown here serve to reshuffle 
that information if this is necessary. The remaining operations explain the activity pat- 
tern and space assignment procedures. 

In order to illustrate how this works, a running case study is developed in script type. 

It is by no means complete, but it will hopefully serve to illuminate and fill in the 
framework described in the text. 

The example m>ed to lilu&txate thl& ^namewonlz h actual U 4 e 
£4 a mail School 0 & Ana utectune within a langen unlvei- 

The School lt> divided Into tkn.ee academic/ adnililAtnatlve 
entitle 4: an AncJutectuxe Vepaxtnent, a Reteaxch Centex, 

and a Vean* 4 O^lce which oveueet both operation*. 
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1 



Each entity i& somewhat *e£f- contained, with it* own decep- 
tion and *ec Mta/uat odea*, office*, and a** o ciated *uppodt 
and confedence function* , 



operation 3.6 - select academig/admiriistrative entities 

i 

The first step is to create a profile of the institution in terms of the various entities 

i 

(colleges, schools, divisions, departments, centers, institutes, offices, administra- 
tive divisions, etc.) which comprise it. 

Most of this work has already been done within the context of the main portion of the 
model . Academic departments and divisions have been established as part of Submodels 
1 and 3. Operation 3.1 outputs faculty and research people by department; Operation 

3.2 outputs students requiring' offices by department; Operation 3.3 outputs a listing of 

« 

administrative personnel . 

It is possible, though, that the user may want to restructure this list for purposes of de- 
termining office space needs. He will want to make sure that it is complete (including, 
for instance, academic/administrative entities which may not have come up before, 
such as an Office of Continuing Studies), and that it accurately reflects the academic/ 
administrative structure of the institution. 

There is a seconcj reason for a pbssible restructuring at this point. It is expected that 
the system would include a pre-determined, rather generalized Catalog of academic/ 
administrative entities found at many colleges. Later in the space assignment stage, 
the system may be able to retrieve some general information on how other colleges ap- 



i 



i 
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proach space assignment within the entities listed in its own Catalog. The Catalog will 
also allow the system to store activity patterns by discipline where this is necessary. 
Wherever the individual user can relate to the systems Catalog, he will be in for addi- 
tional benefits in terms of planning assistance. 



3 6 In examining the Catalog oh academic/ adminxttKaUve 
Entity type* in the tyttm't catalog , oua uteA locate* u aAd i- 
ItectuAe "* Uting till* geneAal label way allow aw to Ke- 
thieve tome planning data about "aAchltectuAe" [at oppoted to 
"chmittAy" ok "punckatlng”) , to he ciioote* to cAcate &viee 
academic/ admuilttKative entitiet <$0* lu* bcnooi, each labeled 
" a/ichltectuAc " : 

ENTITY l: ARCHITECTURE, ARCHITECTURE DEPARTMENT 

ENTITY 2: ARCHITECTURE, RESEARCH CENTER 

ENTITY 3: ARCHITECTURE, DEAN’S OFFICE 

note that the uteA needt to do till* once and once only . Un- 

lett thene it an adminittKative KeoKganization on camput, ne 
probably will not need to come badz and make cnanget. 



operation 3.7 - selecting office-holder positions within the entities 

Once the institution has been subdivided into its academic/administrative entities, of- 
fice-holder positions must be assigned within them. Once again, this information can 

come directly from the earlier operations in the model, 

- Faculty and research positions requiring offices, by department, from 3.1 
Students in research positions requiring offices, by department, from 3.2. 
Administrative personnel positions requiring offices, from 3.3. 

Instruction and research-connected secretarial positions requiring offices, 

from 3 .5 . 
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The system will include a Catalog of positions within each of its entity types to assist 
the user in restructuring his information during this operation. While the user may not 
know it yet, each of the positions listed in the system's Catalog includes an associated 
pattern of activities which is often found with that position. If he wants to take advan- 
tage of these patterns, either directly for his own planning or as ''basic' 1 patterns to be 
modified by his own requirements (a more probable situation), it would be wise to use 
the positions in the Catalog wherever possible. 

The depth of detail to which the user goes is largely in his hands. If he is uncertain, or 
if the types of office-holders within some of his entities are not yet determined, he may 
want to deal at a rather gross level: Biology includes 20 faculty positions. If he wishes 
to discriminate among these 20 positions, he may break them down into senior faculty, 
junior faculty, chairmen, research staff, counselors, and other classifications. This 
depends, to some extent, on what he wants to do with the data. As he moves into 
shorter-range planning, it is better to know more about a department than "20 faculty" . 

In any case, the user can always come back and refine this file of positions within his 
academic/administrative entities any time he wishes. 

The kind of positions-within-entity Catalog which may be developed for the system is 

illustrated in Figure A4. It is by no means complete or even recommended; it is only 

one way of showing how it might be organized. 

3.7 The uten, milling and able, to dltcsununate among the, 
kind* ofi o^lce-holde/i* In hit School o£ AAchltectu/ie, 
choote* to do 60 a& iolloi U4. He U6e6 the Catalog o& peti- 
tion* to guide him In thlt cJiosie* 
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The koltowing is pKesented a* an iXJhjstKation ofi how the Catalog efi Po*itcon*-Uithin- 
Entitie* might be developed. The, paAticulaK example thorn hcKe might be used to es- 
tablish petition* within any acaderdc entity in a um,v entity* 



LEVEL A 

b>wad cattooiy 


LEVEL IS 

Kank ok pet-ition 


Full-time Faculty 
PaKt-time Faculty 


SenioK 

Faculty 

Junto K 

Faculty 


P Ko^et* of i 

At* o date Pnobeston- 
A**i*tant P Ko^et * ok 

1 nttKUCtOK 






Teaching A**i*tant 


Full-time 
ReteaKch Stabb 

PaKt-time 
ReteaKch Stabb 


Stnion. 
& ta(i 


Pno button 

Antedate Pko{)C**ok 
R eteaKch S dentist, 
EnginecK, AKchited 




J union. 
Sta{n J 


ReteaKch A**odate 
ReteaKch A**i*tant 






Student Attistant 



LEVEL C 

additional deseniption 

Peon 

ChaiAman 

AdniniitAative A **i*tant 
ok Executive O^iceK 



AdminiStKOtOK 
PKoject ViKectoK 



Full-time 
Academic SuppoKt 

Pant-time 
Academic SuppoKt 



SecnetaAy 
Cle Ak 

T echnician 



Executive 

dedicated 

Pepantmentat 



In oKdeA to clotting any o^ice-holdeA by hit petition, the uteK timpey telecis the 
awKopKiate tag* Atom each column . The munbcK cn tag* he * elect* fan any ofasce-aolden 
[ok QKoup ok okkice-holdeA*) will neglect the mount ob detail he imshe* to cotssdeA at 
any point . Fok inttance, he may tpeci&y a bdl-tin^e anchitectuAe pKo^ettoK who tenvet 
a* an admuiistKative a**i*tant to hi* Peon in any ob the fioiiouxng way*, depmcUng on 
how much he know* about the petition and whetheK it make* any di^^eKence [detail as Let* 
impoKtant in long -Kang e budgeting ): 



Entity: 
Level A: 
Level B t 
Level Ci 



AnchitectuAe 
F-T Faculty 



AKchitectuKe 
F-T Faculty 
Sk Faculty 



AKchitectuKe 
F-T Faculty 
PKC^CttOK 



AKciUtectuKe 
F-T Faculty 
P no best on 
Admin A **t 



Fok each ok thete petition *ped bication*, it it hoped that tie tijttw \ wcucu nave ttcneu 
an attociated activity pattcKn. In accomplishing Openction* S.S and i.9, the uteA de- 
cide* whetheK he want* to u*e the attigned patteKn, use it with modibicatson, ok not ute 

it at all . 



FiouKe A 4: ILLUSTRATION OF PQSlTlON-MTHIN-ENTlTy CATALOG 



Entity U AAdutectuAe Ve^aAtmnt 

F-T Faculty, Sa Faculty, ChatAman 
F-T Faculty, St i Faculty , CounbeloA* 

F-T Faculty, Sa Faculty 

F-T Faculty, Faculty 

P-T Faculty, Faculty 

F-T SuppoAt, SecAetaAy, VepaAtnental 

Entity 2 1 RebeaAch CenteA 

F-T ReseoAch, Sa Faculty, AdminibtAatoA* 

F-T RebeaAch, Ja Faculty* 

F-T SuppoAt, SecAetaAy, OepaAtnental 

Entity 3* PeanU OjStU.ce 

F-T Faculty, Sa Faculty t Vean 
F-T Faculty, Sa Faculty, Admin Abbt 
F-T SuppoAt, SecAetaAy, Executive 

* Foa puApo* et> oh illubtAatton, it ib pobbible that the 
btaAAed position* wzaz not in the bybtm'b Catalog . TIizaz 
may be no position called ” Count eloA v ; and vi-iile theAe oaz 
position* called "RebeaAch Adn\inibtAatoA " and "RebeaAch 
Stahh” theAe may be no luting oh thebe within an entity- 
type called " AAckitectuAe" • Once the ubeA peAcetveb thib, 
he know that he and the bybtm togetheA will have to erne 
up with ^ pace AequiAementb h ° } 1 thebe people « 



operation 3.8 - system assignment of activity patterns 

Once a user-oriented file of office-holder types by position and academic/administra- 
tive entity has been created, the next steps are ones of associating activity patterns to 
these positions, and in some cases to the entities themselves. 

There are two major problems in accomplishing this. The first revolves around the user. 
He is expected to be able to create appropriate activity patterns for many different 
kinds of office-holders. Some users will be knowledgeable enough to do this and do 
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it well; many others will have problems of inconsistency and inoccurocy . To overcome 
this, it is suggested that the system pre-store activity patterns for as many positions in 
its positions Catalog as can be reasonably and accurately developed; when these posi- 
tions come up, the system simply "assigns" its stored activity pattern to them. The user 
then reviews these patterns and modifies as necessary. Where he wishes to abandon sys- 
tem suggestions, or where he has created positions which do not exist in the Catalog 
(such as "Counselor, Architecture"), he leaves these for Operation 3.9. 

There is a second problem, and this one revolves around the system. If there are twelve 
activity zones (see Figure A2), and if any office-holder may require any or all of these, 
it follows that the number of potential activity patterns is staggering . Because each of 
these activity patterns must ultimately carry a square footage with it, it is necessary to 
somehow limit the number of available combinations. On the other hand, this limiting 
process should not drastically constrain the user's flexibility in dealing with the system. 

One approach is suggested here. It may not be the best; certainly it would have to be 
tested and modified in actual practice. The approach simply involves the development 
and sizing of a number of logical "basic" activity patterns - and then associating these 
"basic" patterns with positions in the Catalog. From the "basic" activity patterns, the 
user and system can then construct "variations" together — variations which recognize 
individual office-holder requirements. 

The "basic" activity patterns would be created initially by the systems developers from 
their observation, recording, measurement, and general experience with office func- 
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Hons. These would then be schematically designed on paper (as illustrated in Figure A5). 
Various configurations would be attempted, and the results averaged.* 

In Operation 3.8, then, the system simply "assigns" activity patterns to as many of the 
users positions as it can. The user then reviews this list on an item-by-item basis, and 
modifies it as necessary. Where his activity patterns differ greatly from those assigned, 
he simply creates a blank there and waits until he is ready to accomplish Operation 3.9. 

To review, this "assignment" process brings two benefits to the user. It brings to bear 
experience of many people from many institutions, and it assists in maintaining an 
overall consistency throughout the files of office-holders and their activities. If the 
user wishes to completely disregard these "assignments", he may do so and proceed di- 
rectly to the next operation. 



Once. the. facte o ofifacce- holders by position and gea r 
demic/adriiinistAative entity it cheated in 3.7 , the s ystem is 
Keady to assign whateveA activity pattern it has atoned in 
iU own Catalog. The printout o£ these initial assignments 
might look like this s 

ENTITY POSITION ASSIGNED 

TYPE TYPE ACTIVITY PATTERNS 



Cl: ARCHITECTURE DEPARTMENT) 

ARCH CHAIRMAN, SR FACULTY A2 B2 C2 D1 El G3 



*lt is obvious that this approach will create many configurations for one pattern of ac- 
tivities. Some of these will be exceptionally efficient in terms of area required, others 
will not. The averaging approach allows one to build in an "average" efficiency rather 
than a low efficiency (which would be wasteful of space) or a high efficiency (which is 
practically unattainable within every single space in a building) . 
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A2 62 C 3 



F3 




6 dime, a — 



U4 



One, voAUbU n ba6ic" activity pattenn might con&l&t o o t, ie. 0 o4XciuxiW zones. 
AZ t>Z. C3 and F3; pwviaeb individually , the^e. activity zone* ^outa kjl- 
ouxAe, about 170 The t&o "papeA ae^ignt" dioun AXtuAtAoce. cu.^^eMnt 
TSS^utSudi ihut ic an zmui&t be c cMndi both tchM**** 

U4 *i -- ihU iigune. ivoiUd taivi at a tentative. ana i Aau-metu. e o n nun 

activity patte/in • 



A2 B2 C3 F3 
4 dime, b — 144 Aft 




FJGURb A5: USING ’TAPER. VbSIQIS” TO PlTUWINL VXQUIRtV AjteA 
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ARCH 


COUNSELOR, SR FACULTY 












- 


ARCH 


SENIOR FACULTY 


A2 


B1 


C2 


D1 


El 


FI 


ARCH 


FACULTY 


A2 


B1 


Cl 


D1 


El 


FI 


ARCH 


ADJUNCT FACULTY 


A2 




Cl 




El 


FI 


ARCH 


SEC, DEPARTMENTAL 


A2 


B2 


Cl 




El 


FI 


(2: 


RESEARCH CENTER) 














ARCH 


RESEARCH, SR FACULTY 














ARCH 


RESEARCH, FACULTY 














ARCH 


SEC, DEPARTMENTAL 


A2 


B2 


Cl 




El 


FI 


02 


DEAN'S OFFICE) 














ARCH 


DEAN 


A3 


B2 


C2 


El 


G3 


H3 


ARCH 


ADMIN ASSTS, FACULTY 














ARCH 


SEC, EXECUTIVE 


A2 


B2 


Cl 




El 


FI 



In looking oOex this output, the us ex note* that tf ic/te may 
be some change S, eithex in activity zone* on i n alternatives 
within those zones, but he piemens to wait until he has 
failed in the blanks before attacking them . 



operation 3.9 - complete activity pattern assignment 

If the user is satisfied that the system's assignment of activity patterns is both accurate 

i 

and complete, he will proceed directly to Operation 3.10. It is more likely, however, 
that he is either unsatisfied with some of the system's assignments (they do not recognize 
his own situation), and/or he has managed to create positions for which no assignment 
has been made. In these cases, the user and the system must sit down together and de- 
velop these patterns. 

The user may approach the process of filling in the blanks in two basic ways: he can de- 
velop patterns on an item-by-item basis making decisions as he goes, or he may prefer to 
write some general rules which will cover many situations instead of one ("what distin- 
guishes a counselor is a small-group activity zone") • 
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This can and should be a highly interactive process. Some users will prefer to simply 
dictate activity patterns. If the system is appropriately developed, however, it can be 
of real assistance to the user in making appropriate and consistent decisions. It may as- 
sist him in formulating rules, it can flag decisions which appear to be incompatible with 
previous decisions, and if can assist him by bringing forth research findings and experi- 
ence of other users ("a 1966 survey of 27 Schools of Architecture noted that 90% of their 
faculty possessed dedicated drafting stations") . 



The system will also attempt to keep the user operating within its own set of "basic" ac- 
tivity patterns whenever possible. When this cannot happen, it can present the user with 

y 

y 

graphic and square footage information on various alternatives^ ^assisting him in select- 

y" 

ing appropriate activity zones. y' 

y’ 

These kinds of capabilities will not be easy to develop; certainly they have not yet ap- 
peared on the scene. Careful research within the framework established here would do 
the job, though . 



3.9 In examining the activity a**ignment* oi 3 *6, the 
u*ex note* that thexe axe tome blank* which need to be pitied 
in; he ai*o xecognize * *&ne i\con*i*tancie* with xe*pect tc 
hi* own School and it* need** 

He *eek* to xemedy the *ituation thxough a *exce* oq ac- 
tion*, *ome de*igned to include many oHice-holdex* , otiiex* 
on an item- by-item ba*i * . It might take thi* ioxn: 

1 . He note* that only *me faculty axe pxovided with dxa^t- 
ing *tation* [de*ignated a* *pecial woxiz *tation, "J"). 
Becau*e it i* a longstanding policy oi hi* ScSioot that ait 
faculty be pxovided with dxaiting * pace , ne aixect* tiie 
*y*tem to add a " J ” to the iile oi each oiiice-hotdex tagged 
"Faculty"* In doing thi*, he may quex.y the *y*tem iox xe- 




188 



search findings and expedience o{, other schools in doing the 
tame iking. 

2. He attempts to dedive an appropriate activity pattern far 
the position "Counselor, Senior Faculty ". He might start 
iky calling the pattern far " Senior Faculty": 

SR FACULTY A2 B1 C2 D1 El FI J 

It occur* to him that the distinguishing characteristic o£ a 
'Counselor l* hi* need to meet small group * in hi* 0 ^ face as 
welt a* individual 4 . He suggests modifying the pattern to, 

COUNSELOR, SR FACULTY A2 B1 C2 D1 El G3 J 

In term o$ .the system's sizing this activity pattern, there 
may be a problem. 1$ the user as Is the system whether oi 
not it 16 a previously stored pattern, and. the system says 
"ho", the user has two choices: alter it until it fait* a 
stored pattern, or attempt to work with the system to size 
the new pattern, believing that the " Counselor " pattern 
will not fill any existing in the systm, the user calls 
far the two closest * In doing this, he night retrieve, 



: CHAIRMAN, SR FACULTY 


A2 


l 


C2 


D1 


El 


G3 


J 


( COUNSELOR, SR FACULTY 


A2 


til 


C2 


01 


El 


G3 

-T 


J ) 


' SENIOR FACULTY 


A2 


til 


C2 


D1 


El 


FI 


J 



v 

He now has two way* ofi approaching the intermediate pattern: 
lake the square Rootage size associated 1 oith the Chairman 
fad reduce the "132" to a "bJ" l here the system displays a 
picture and description 0 ^ each to assist in making the re - 
(faction ); or take the Senior Faculty square Rootage and 1 
translate its "FI" into a "G3". Most likely the user will 
dtp both and ifi they do not come to the same general square 
footage, he will exercise his judgment in making a project 
lion. 

3L The same pattern can be fallowed far ti te Research Stafa. 
The user may wish to generate an entirely new activity pat- 
tern, or he may attempt to use or modi fa an existing one . 

In either case, he has to fand a way o£ determining square 
faotage requirements far the pattern he selects. 

4. The seme approach is fallowed with the Administrative 
Assistant. 

The results oft these explorations will be printed out far 
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tka u&e/i't nevieiM and modification* kny time he ivantt the 
tyttem to give him the atto dated axea. statement fox. my 
actua i pattexjip the tyttem (Mid do to* 

operation 3.10 - associate activity patterns with acadmic/administrative entities 
Referring back to the discussion of office and office-related activities in the second sec 
tion of this appendix, it is now obvious that the previous operations have covered most 
of the "office" activities. To the extent that conference and clerical support functions 
have been included, there has also been partial consideration of the office-related 

activities . 

Many of these "office-related" functions are not directly (or always even indirectly) 
associated with individual office-holders; sometimes they are more logically associated 
with the academic/administrative entity as a whole. These might include, 

o large-group conference activities 

o medium- and small-group conference activities not particularly associated 
with or dedicated to one particular office-holder, 
o special work stations which are department-associated (copying machines, 

etc .) 

o reception and waiting area for the entity . 
o special storage space for the entity. 

It is therefore suggested that it should be possible for a user to associate some activity 
zones with the entity as a whole. In terms of sizing these zones, it may not be parti- 
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cularly important to know whether they will all exist in one place (and therefore overlap), 

f 

or whether they; will take place in several rooms. What is developed is an overall figure 
which represents a summation of the special entity-associated zones; this figure is expressed 
as a "pool" of space needed to generally serve the entity. When the user moves from short- 
range planning .into actual building programming, he can look back to see what generated 
that pool and tl)en actually allocate the space to rooms. 



Because it may be more difficult to precisely determine needs for entity-associated space, 

> 

it is highly likely that users will develop rules; for example, the user may say, "For every 
professional facjuity or staff member in any entity, allow 20 square feet of activity zone I: 
Large-Group Conference" * this rule does not say whether this v/ill end up as one large 
room or two smaller ones; it simply places so many square feet of space into the entity- 

4 

associated pool . 



3.10 The u*ca decide* to a**ociate reception, filing, *pe 
dial tooAk and *toxage *pacz to each oh hi* tkxcz entities, 

' probably u*ing *omz in*titution-uide pfioj ection fuJOe*. 

Ba*ed on thc*e addition* , and tkz change* made in Operation* 
3.9, hi* ^inat output oh activity pattenh* h 0/L && School 
may be. a* o*i 

ENTITY POSITION ASSIGNED 

Type type activity patterns 



Cl: ARCHITECTURE DEPARTMENT) 



ARCH 


CHAIRMAN, SR FACULTY 


A2 


B2 


C2 


D1 


El 


G3 


J 


ARCH 


COUNSELOR/ SR FACULTY 


A2 


B1 


C2 


D1 


El 


G3 


J 


ARCH 


SENIOR FACULTY 


A2 


B1 


C2 


D1 


El 


FI 


J 


ARCH 


FACULTY 


A2 


B1 


Cl 


D1 


El 


FI 


J 


ARCH 


ADJUNCT FACULTY 


A2 




Cl 




El 


FI 


J 


ARCH 


SEC, DEPARTMENTAL 


A2 


B2 


Cl 




El 


FI 




ARCH 


ENTITY #1 - ASSOC. 








D2 


HI 


H3 


K 
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C2: RESEARCH CENTER) 



ARCH RESEARCH, SR FACULTY 
ARCH RESEARCH, FACULTY 

ARCH SEC, DEPARTMENTAL 

ARCH ENTITY #2: ASSOC 

(3: DEAN’S OFFICE) 

ARCH DEAN 

ARCH ADM ASST, FACULTY 

ARCH SEC, EXECUTIVE 

ARCH ENTITY #3: ASSOC 



A2 


B2 


C2 


D1 


El 


G2 


d 


A2 


B2 


C2 


D1 


El 


FI 


J 


A2 


B2 


Cl 




El 


FI 










D2 


E2 


HI 


K L 



A3 


B2 


C2 


El 


G3 


H3 


J 


A2 


B2 


C2 


D1 


El 


G2 


J 


A2 


B2 


Cl 


El 


FI 












D2 


E2 




K L 



Note.: At tlvu point it i& pot&ible, to provide an aA6ociate.d 

A quote Rootage, at the, end* each o& the, item A pointed above. 



completing initialization 

When the user can generate a satisfactory output such as the one shown above, he has 
completed the initialization process. As has been suggested above, it may not be this 
simple though. He may undertake a series of successive iterations, constantly cross- 
comparing decisions and their resulting influences on space. Hopefully, he accomplishes 
these iterations in a highly interactive way, allowing the system to assist him at every 
turn. The decision-making authority, however, is always in the user's hands. 

Figure A6 summarizes the steps involved in this initialization procedure. 



the projection stage 

Once the user has initialized the system, he has made most of his basic planning deci- 
sions. The system now reflects his institution, both in terms of its administrative struc 
ture and the rules it uses in assigning space to people and groups within that structure. 
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Unput) 



( operations ) ( parameters ) 



{output) 



Tperatian 3.6* Select Academic/ Administrative Entities 



Ocadenic/ admini- 
Urative entities 
Luted in previous 
operation is. 



restructure tut 
o f entities to coo- 
er institution; ad - 
here to tags in sys 
tern catalog where- 
coca, possible . 



appAopAiatcncss of 
catalog tags to en- 
tities in the in- 
stitution. 



Ipera&on 3.7; Sele ct 

list of academic/ 
administrative 
entities from 3,6 , 

list of office- 
holder types from 
previous operations 
13.1, 3.2, 3.3, 3.5 ) 



Positions Within the Entities 



develop set of 
office- holder post 
tions within each 
entity; adhere to 
tags in system 
catalog wherever 
possible. 



appropriateness of 
catalog tags to 
positions listed 
by the user. 



list o£ academic/ 
adriiuiistAative 
entities in the 
institution. 



list of position 
types within each 
of the academic/ 
administrative 
entities in the 
institution. 



Operation 3,S; System Assignment o £ Activity 



list oh position 
types within each 
Academic/ administra- * 
tive entity, from . 
3.7. 



system looks up po- 
sition types in its 
catalog and retrieves 
associated activity 
pattern [and area 
statement) for each 
one listed. 



Patterns 

automatic step: 
activity patterns 
developed by pro- 
fessionals and 
modified by exper 
ience. 



list of position 
types within each 
entity, along with 
an associated ac- 
tivity pattern if 
there is one in 
the: system. 



' ! 



Operation 3.9: Compact 



of position ; 
types within cacti 
ity, along with 
isociated activity 
terns, from 3.8. 



j 



j 



where positions do 
not exist in catalog, 
no activity pattern 
is listed. 



e Activity Pattern Assigment 



create activity pat- 
terns for positions 
where system has not 
assigned then. 

modify system-assigned 
patterns and associ- 
ated square footages 
as desired. 



appropriateness to 
user' s situation. 

adherence to basic 
pattern types al- 
ready stored in the 
system wherever 
possible. 



areas for patterns 
in the system can 
be retrieved if 
desired. 



same as 3.8, ex- 
cept that list 
is now complete. 



jpg ration 3« 10 1 Associate Patterns With Acadcyic/ Admlxistrative Entities 



Xist of entities and add entity-associated 

Positions within them patterns. 

UXh patterns assigned 
ram 3.9. 



appropriateness to 
user's situation; 
complementary to 
patterns associated 
with office-holders. 



complete list of 
activity patterns 
by entity and 
position; square 
feet may be in- 
cluded j 



Figure A 6t SUMA RV OF INITIALIZATION PROCEDURE 



193 



0 



Now he is ready to actually project space needs. Because the basic groundwork is al- 
ready laid, however, this projection process is a rather simple one. 

It simply begins with an assignment of head count information to the various position- 
within-entity categories developed as part of the first stage. When these are all as- 
signed, the area statements for each of those categories (also developed in the initial 
phase) are retrieved; simple multiplication and summation are then used to develop over- 
all space requirements. 

These operations are so straightforward that careful explanation and discussion is unneces- 
sary. Figure A 7 on the next page explains Operations 3.11 through 3.13 which comprise 
this stage. 

long-range budgeting versus short-range planning 

So far there has been very little emphasis on the differences in use of this framework as 
the user moves from long-range budgeting to short-range planning. Nor should there 
be. The difference between the two modes is not one of objectives (both look forward 
to area statements); the di/terence is one of data detail and accuracy. 

In the long-range budgeting mode, the user is essentially interested in determining large 
"pools" of space, undifferentiated by anything resembling buildings or rooms. He inputs 
information which is relatively undefined, and receives back results which reflect this 
kind of input. Since he cannot spell out every detail, both the user and the system operate 
at a level where there are many assumptions and where there is a good deal of averaging. 



{input) 



( operation * ) ( pa/imetex * ) 



Ojoexadon 3 .H? Attoc ide a Head Count UtcX/i Eac/i Po 4 <t&on-W>c#Un-Ei'it t£t/ 



£c*>t Ojj potition 
type* within each 
acndejdc/adminittxa- 
t ive entity, inom 
3.7. 



nettkuetuxe head 
count* to fact 
petition type* in 
input ikom 3.7. 



appxopxiatenet* 
head count with 
petition*. 



{output) 



li*t ofi potition 
type* with, cock 
entity, with a 
head count figure 
entered with each. 



I k tad count* ion 
I thetc potition* 

[ Anon . operation* 3.1, « 

I 3.2, 3.3, and 3.5. 

i 

Ogexadon 3J2_t VeWwUne the Total Axea Ke<?c Uxed fro* back PotitiM^W^^ 



LUt o jj potition timple multipli 

type* within each cdtion. 

entity, with head 
count \ iguxe * 
entered box each. 

aXea ttatment* 
developed ion each 
potition-within- 
entity, rf/iom 3.9, 



litt 04 potition 
type* within each 
entity, with an 
at* 0 dated axea 
ttatment {tquaxe 
beet requited) 

4 o* each. 



Operation 3.73 1 Vetexnine Total A xea Re^uined 4o* Each En&t y 

Hitt 04 potition timple addition. 

type* within each 

entity, with otto c- 

iated axea ttate- 

to entt, bum 3.12. 

aXea requited box 
entity -a** 0 dated 
activitie*, bum 
3.10. 



tuntnation 04 axea 
xejquixed box each 
entity, doth in 
total tquaxe boot- 
age, and in tquaxe 
bootage bxoken 
down by potition* 
and "pool" tpace. 



FIGURE Alt SUMMARY OF SPACE PROJECTION PROCEDURE 



o 

ERIC 
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For short-range users, the user can go back through the initialization process, refining 
and discriminating among the rather large "packages" of information placed there when 
he was budgeting. Once more is known about people and their activities, the system 
can react with more accurate and meaningful area statements. 

Figure A8 goes back through Operations 3.6 to 3.13, explaining how they might be ac- 
complished in both long- and short-range modes of operation. As one can see, the dif- 
ferences lie in the kinds of information and statements available, rather than in any fun 

damental variance in approach. 



moving from short-range planni ng to programming 



The "final" institutional action in creating university facilities is the writing of detailec 
building programs. These programs carefully analyze user activities and, among other 
statements about environment, include area requirements for each function. 



What has been developed here is not a programming tool . True, it can serve as a pro- 
gramming device (i.e., in short-range planning), and it can be used to check program 
statements (thus identifying gross errors in the program), but it should not be used to de 

velop the program . 

Why? At this point, the system is still talking about chunks of space ("120 square feet' 
of floor area); it has said little about actually translating this area into rooms , and this 
is an important step. It is one task to associate required square footages with professor 
and administrators and secretaries, and it is quite another task to enclose these in roorr 
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[long-range budgeting) 



[short-range plaining) 



Ogera&on 3,6: Select Academic/AdnUnistrative Entities 



May welt be dealing icith academic and 
administrative entities on rather broad 
levels* May use "schools" and " colleges " 
in place ob departments, sub-departments, 
program-withiji-departments , multi-dis- 
ciplinary academic- ebborts , etc. Very 
likely to combine many adnUiiistrative 
and support activiti.es into broad cate- 
gories l" academic adninistration" , busi- 
ness administration" , "student avoirs", 
etc*) rather than specific divisions aid 
obbices* 



Will be able to subdivide institution 
into its real structure ob academic 
and administrative entities, including 
all ob its colleges, schools, divisions, 
departments, centers, institutes, sec- 
tions, obblo.es, support sections, etc* 
This allows the user to break the large 
"pools" ob space developed in long-range 
budgeting down into maiageable collec- 
tions b^r planning* 



Ogera&on 3 , 7 : Select Ob bice- Holder PosiXiotu-Withiri- Equities 



lb the entities camot be care bully bro- 
ken down, it bellows that the user will 
not be able to carebulty identiby the 
Various o b bice-holder positions laithin 
them* For this reason, he stick to 
titles such as "bcLculty ,t , "baculty 
administrators", "administrator" j "cler- 
ical", etc* 



Ob bid-holder types can be broken down 
into more specibic groups* 

[The actual level ob detail will relate 
very closely to that developed bor the 
main portions ob Submodels 1 and 3 ) • 



Operation 3*&: System Assignment ob kotivitj^ Patterns 



the system's Positions -Within-Entity 
Catalog contains dibborent levels ob 
position debinitioh [see Figure A 4 bor 
an example) * Activity patterns can be 
Associated at gross livels as well as 
debined levels; the user must, however, 
recognize that these are neceSsruly 
averages — that they may vary quite a 
bit when the position types are more 
bulty debined* Averages work bor long- 
range budgeting * 



Activity patterns are best assigned to 
Positions -Within- Entities which are 
relatively well debined* An institution 
working at this level should be able to 
expect rather accurate results* 



Figure AS: USING THE HOVEL IN THE TWO PKOJECTION MOVES 
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[long-range budgeting ) 



l*h ort- range planning) 



Operation 3.9: Complete Activity Pattern Aa-6 i^iment 



This operation i* rarely carried out in 
long-range budgeting u*e*. U*er* will 
confine their Po*itioiU-Uit1iiii-Eiitity 
& election* to rather broad type*, and 
it i* expected that there will be a**o- 
ciated area statement* fior each oq the*e. 



The 06 er know * enough about hi* highly 
*peciatized on out- o^- the- ordinary 
Po*ition* -Uitliin-uititie* to create 
intelligent activity pattern* £or them. 



OpeAation 3_M)j. j^*ociate Pattern* With Acadoii^c/AcirT^i^XAotcve Entitle* 



In the long-range planning mode, it may 
be po**ible to approach thi* firom a his- 
torical viewpoint: " historically , koto 

much entity- a* *o dated *pace l in term* 
ofa percentage) do ice fiind in School* Cq 
A rchitectural'' Until thi* i* a ea*ible , 
the user w ill have to make *ome intelli- 
gent gue**e* about ejitity-a**ociated 
activitie* . 



The more the u*er know* or care* to 
project about any entity and it* oper- 
ation*, ike better po*iticn he i* in 
to identify entity- a** ociated activitie* 
and their area requirement* . 



Operation 3.11: A** c date A Head Count Eiith tack Po*iiion-tiitiii*i-Eiitity 

Operation 3.11: determine the Total Area Required &cr Each Pc*ition-WitJrbi-tiitity 

Operation 3d 3: Oeternrujie Total Area Required &cr Each Entity 



The level o$ detail generated will depend 
entirely on the level o& detail created 
in the preceding *tep*. It i* probable 
that the output firom 3.13 will be a total 
area required fior each entity, with no 
further breakdown. 



The level oq detail created in tie above 
*hould allow detailed analy*is and out- 
put. Resulting li*t* *hould be able to 
detail not only total area requirement* 
£cr each entity , but it *hould al*o be 
able to brealz them down cy pc*ition 
type within that entity. 

There i* one caution to be noted here, 
however. The*e re*ult*, even when broken 
down by po*ition type, *hould not be u*ed 
in detailed building programming without 
further examination. See text. 



Figure AS: USING ThE HOVEL IN THE TtiC PROJECTION MOPES { continued ) 



how many professors to a room? should a professor share an office with an assistant? 
These are important questions which the framework, as developed to date, leaves un- 
answered. This is discussed again in the next section of the appendix. 



future directions 



improving the technique 

The foregoing portion of this appendix has proposed one technique for taking people, 
their positions and departments, and translating them into required space for purposes 
of budgeting or planning. This technique has been developed from the realization that 

most traditional "survey-what-space-people-have-and-come-up-with-a-standard" ap- 
proaches all have certain weaknesses. The proposed technique starts with the office 
and office-related activities people undertake and attempts to derive area statements 
which reflect and accommodate these activities. 

Because the approach has been somewhat unconventional, it has been characterized by 
a good deal of tentativeness: this is what we should try, and here's what it might do. 
The next step is to explore these "shoulds" and “mights" , converting them into "musts" 

and ''wills 1 ' . 

This will not be a simple effort. Rather a good many facets of the space projection 
problem will have to be examined, peoplewill have to be interviewed, and their ac- 
tivities will have to be obsen/ed before a truly positive and accurate framework is pos- 
sible. Based on what has gone before, five issues can be established as focal points 

for future work, 

1 . Developing appropriate activity zones. 

2. Developing and refining activity patterns. 
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3. Establishing the effects of placing activities in “rooms" . 
4* Establishing the effects of other factors on size. 

5 . Extending the approach to the other facilities submodels . 



developing appropriate activity zones 

Since the "activity zone" hds been proposed as the concept which translates people and 
activities into spjace and square feet, it is important that it be carefully thought out 



and applied. 

4 

1 

t 

In the second part of the appendix, office and office-related activities were listed, and 
twelve activity zones were created. For purposes of illustration, each of the twelve 
zones was furthei; subdivided into "example alternatives" . 



Each of these steps in the creation of the activity zones requires further research . List- 

i l 

ing office activities raises no problem, but their Combination into "zones" of space 
should be carefully looked at. Should there be twelve of these zones? or five? or 
twenty? Certainly any reduction in the number of zones will make the system less 
cumbersome — blit what limitations might this place on user flexibility? 

Once the 20nes are established, their sizing becomes another issue. How many alter- 
natives should ftare be, arid how much area does each reasonably consume? As sug- 
gested before in this appendix, this entails a careful analysis of what people do in 
university offices, and how much space they use in doing it. This will require an ac- 
tive program of observation, measurement, interviewing, hypothesizing activity zones. 
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designing these zones, mocking-up alternatives, evaluation of alternatives, and modi- 
fication or reformulation of proposals. 

This kind of activity can and should be a continuing one. An initial version of the sys- 
tem can be established with the zones proposed in this document (or some refinement of 
them); as experience is gained, both wiih office activities and with system use, the ac- 
tivity zones, their alternatives and their sizes can be continually modified by profes- 
sional personnel „ 

developing and r efining activity patterns 

The proposed framework assumes that one can associate an appropriate ''pattern" of ac- 
tivity zones with any office-holder once his position and his entity are established. 

This need for assigning patterns (with user modification, of course) is an important one 
if we are to limit the number of patterns which actually have to be carefully sized. 

This too requires additional research and experimentation. Can we deal with "basic" 
activity patterns for various office-holders, or is this a hopeless cause? If we can de- 
velop "basic" patte.ns, can we develop rules for making variations, or is it necessary 
to take the stand that any variation may produce inaccurate projections? Once we 
settle on activity patterns, can we provide an associated square footage that is ac- 
curate enough to make projections with? 

The first two issues will be resolved through more detailed observation and analysis of 
university office-holders and the activities they undertake. The third issue — — that of 
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sizing activity patterns — is more complicated. This will require a co-ordinated re- 
search effort to schematically design the various ways of putting any given set of ac- 
tivity zones roycrher, to mock these up and test them in practice, and then to pick an 
"average" square footage which does not dictate excessive waste or excessive efficiency 
of planning . 

establishing the effects of placing activities in "rooms" 

The framework presented in this appendix treats space as just that: space, without in- 
tervening or defining walls, doors, arid other architectural elements. This is admittedly 
a potential weakness in the sense that the resulting area statements may not be as valid 
as they could be if the walls were included. 

Why? The effect of placing walls and defining rooms is to carefully control the over- 
laps among the activity zones. If a Dean's set of activity zones is to be accommodated 
in three rooms instead of one, it is obvious that they cannot all overlap. * Conversely, 
if two office-holders and their activity patterns are accommodated in one room,- there 
may be some overlaps between their respective patterns as well as within them. Each 
of these statements suggests that the total number of square feet required by each office- 
holder may differ according to its division (or combination) into "rooms" . 

The effects of placing these zones in rooms will have to be carefully tested before any 
system is finalized. The approach at this point has been to disregard them; to assume 
that at the level of accuracy required (even in short-range planning) these effects will 
balance each other. 
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In terms of looking at single office-holders and allocating their activity zones into 
"rooms", there is one technique which can be used within the framework presented 
here: that of simply considering the office-holder as possessing not one, but a num- 
ber of sets of activity zones. For example, an Architecture Dean with the following 
pattern, 

A2, B2, C2, El, G3, H3, J =wsq. ft. 
might be respecified with these three patterns, 

A3, Bl, G3 = x sq. ft. Office 

Bl, C2, J =y sq. ft. Work Room 

H3 = z sq . ft . Conference 

If this can be accomplished, it is nof important that the sum of x, y, and z may not 
equal Wo To do this, though, raises a whole set of questions about compatibility of 
activity zones, privacy required by activities, and which activities are dedicated to 
specific users and which are not. The question becomes whether it is necessary or 
even appropriate to rtiise these issues in space planning and projection. Only ex- 
periment and experiehce will provide the answer. 



Once a user moves into allocating office activities to rooms, he raises another thorny 
question: that of multiple-occupancy offices. In some research and clerical situations, 
these are not difficult questions. When it comes to faculty and administrators, however, 
it can be equated to opening Pandora's box. In dealing with these positions, office 
accommodations often take on the quality of "fringe benefits", and consequently they 
are often surrounded with well -worn and time-honored tradition and policy. 
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Further, the kind of office a professional staff member is provided may well dictate 
(or at least influence) the amount of time he spends in it, how available he is to students 
and colleagues, how effective he can be in discussing personal problems and issues, and 
how determined he can be in undertaking his academic, committee and research tasks. 
The success of the shared office usually depends strongly on the congeniality of the part- 
ners, and this is a difficult corrimodity to assess during long-range planning. 

The issue of space economy through multiple-occupancy is another knotty one. Some 
administrators assume that a three-man office (because of the activity overlaps) can be 
smaller than three one-man offices. Others will contest that to be truly effective in a 
"bullpen", staff will try every technique to attain privacy and get away from each other, 
thus consuming additional space. 

The allocation of office activities to rooms, then, becomes an odd and often explosive 
mixture of quantitative factors and qualitative considerations. Themodel used to trans- 
late people and activities into this space must allow the user to first superimpose his 
own policy. Then it must react by translating the policy into square feet and by con- 
stantly reminding the user of its "activity" orientation. The system simply cannot be 
asked to rule on the effectiveness of the one-man office versus the three-man office. 

establishing the effect s of other factors on size 

The previous discussion has suggested that a person's activities may not be the only de- 
terminant of the area he requires. In some cases the factors are more qualitative and 
relate to his position or situation father than the activities he actually undertakes. The 
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only way the system can account for these is to let the individual user override its sug- 
gestions . 

There is an entire second class of factors which are more difficult to manage. These 
include other environmental factors which tend to influence size or people's percep- 
tions of size. Windows and vision panels to borrow light and views (and hence psycho- 
logical "space") from other areas can serve to make a space "feel" larger. The strategic 
location of doors, radiators and other "protrusions" into a room may seriously limit lay- 
out possibilities, making a space seem smaller to the user. Poor acoustics, hard sur- 
faces, odd configurations, excessive heights, and many other factors can influence re- 
actions to size . 

These factors become particularly significant in smaller rooms. Let's look at a clerk 
who, according to a listing of his activities, requires fifty square feet of space. If for 
some reason that fifty square feet must be placed in a single room, one can begin to 
question whether the occupant will be able to actually function in that space. If the 
room has generous visual access to the outdoors or even to other spaces, it is possible 
that the small size of the room is no problem; if the same area is provided between four 
concrete block wails and is fifteen feet high, the place may be uninhabitable. 

This suggests two hypotheses, 

1 . There may indeed be a "minimum size" for an office station; an area which 
should not be reduced even if the activity patterns call for it; but that, 

2. This "minimum size" will probably depend on a number of other environ- 
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mental conditions. 



At this stage, it is impossible to truly cope with these issues. More research in physi- 
cal environment and its psychological effects on its occupants must be undertaken. 

extending the approach to other facilities submo dels 

What has been developed in this appendix is a specific technique for translating office 
and office-related activities into office and office-related space. There is much about 
the approach which can be applied to other facility types within the university; un- 
doubtedly there are concepts which cannot. 

In parallel with improving the office facilities framework, it will be necessary to ex- 
tend this activity -oriented thinking to the other submodels in the system. Each will 
have to be analyzed on its own merits. Some submodels may allow a translation which 
is less complex than that developed here; others may require an even more detailed ef- 
fort. 

To a certain extent, however, efforts in the other facility types will be complicated 
by the same genera! problem which has .been seen throughout this entire appendix; the 
lack of established appropriate methodologies which translate human activities into 
space requirements and then abstract these requirements to the point where they can 
be effectively used in space budgeting and planning. 

in summary 

It was evident from the start of the small study which produced this appendix that the 
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issue was too largo and too complex to instar.tfy create "area statements" which were 

! 

both accurate and appropriate. Statistical summary of existing space-use data could 
have produced some very fine humbers, but these numbers would have borne only in- 
cidental relation to human space needs. 

In the long run, it is possible that the detailed, start-with-the-activities approach out- 
lined here is unnecessary for space budgeting and planning; that the whole process is 
so inexact that it makes no sense to use carefully developed space factors. 

This we cannot determine, however, until the model as a whole begins to function. 
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SUBMODEL NO. 1 

FTE $ HEADCOUNT FACULTY REQUIRED 
INSTRUCTIONAL ROOMS REQUIRED, BY CAPACITY § TYPE 




1.2 



FORM 

DIAGONAL 

MATRIX 
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. i 
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DIAG. [F u ] X 
DIAG. [R iX ] 


HEADCOUNT FACULTY, BY 
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RANK § DEPARTMENT [F ip ] 
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SUBMODEL NO. 2 
RESEARCH FACILITIES 



ACTUAL NO. OF PROFESSIONAL 



FACULTY, BY DEPT. 



[F*] 



STUDENT BODY BY ACADEMIC 



LEVEL § PROGRAM 



N. . 
13 



% OF PROF. 

FACULTY 
ENGAGED IN 
EXPERIMENTAL 
RES., BY DEPT. 

[R ix ] 




NO. OF FACULTY REQUIRING RESEARCH 

LAB FACILITIES DIAG. [N! 1 
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PROGRAM 
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PROGRAM [N.J 
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SUBMODEL NO. 3 
OFFICE FACILITIES 
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SUBMODEL NO. 4 

LIBRARY - ACTIVE STORAGE FACILITIES 
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SUBMODEL NO • 4 

LIBRARY - ACTIVE STORAGE FACILITIES (CONT.) 
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